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Executive Summary 

1.0 STUDY GOALS AND OBJECTIVES 

This study was undertaken as part of the California Bay Protection and Toxic Cleanup Program 

(BPTCP). The goal of the BPTCP is to maintain or improve environmental quality in the 

State's bays and estuaries by identifying and protecting relatively unpolluted areas from inflows 

of toxic chemicals, by identifying areas where concentrations of pollutants are associated with 

adverse impacts on aquatic life and/or human health, by planning for the cleanup and/or 

remediation of toxic sites, and by determining concentrations of chemicals in sediments that are 

associated with degradation of biological resources. To date, the primary focus of the program 

has been the identification of toxic hot spots, localized areas where elevated concentrations of 

toxic pollutants are found in association with adverse biological impacts. 

Implicit in the definition of a toxic hot spot is the assumption that pollution in a localized area is 

worse than in surrounding areas, either in the same water body or in the Region where the hot 

spot exists. The goal of the current study was to adequately characterize ambient conditions in a 

water body, San Francisco Bay, to provide a standard against which to compare measurements 

from sites being investigated as possible hot spots. However, since program goals are to 

manage the State's bays and estuaries to promote environmental quality, i t  is not sufficient to 

simply characterize the "average" condition of a water body, but instead the goal of this study 

was to characterize the "optimal ambient conditions" currently existing. Therefore, this study 

focused on the identification and evaluation of sediment reference sites, the least polluted fine- 

grained sediment sites that could be found in San Francisco Bay with reasonable sampling effort. 

Reference site evaluations were based on criteria established by reiqiewing relelxnt scientific 

literature and consulting with the BPTCP Scientific Planning and Reiriew Committee. 

To meet this goal and to support continuing BPTCP investigations, this study focused on four 

objectives: 

1) to identify and evaluate sediment reference sites in San Francisco Bay, 

2) to evaluate appropriate sediment toxicity test methods for use in San Francisco Bay, 

3) to evaluate a statistical method (the "reference envelope approach") that uses toxicity test 

data from reference sites to establish relative standards against which to compare results 

from test sites, and 

3 )  to investigate the use of toxicity identification evaluations (TIES) in determining the causes 

of toxicity at sites with both high and low concentrations of measured pollutants. Results 

of investigations to address ihis fourth objective were presented in a psei7ious report. 



2.0 TASKS ACCOMPLISHED 

Seven sites were selected as candidate reference sites based on available data. Criteria for 

acceptable sediment reference sites included low levels of toxic chemicals, sediment grain size 

profiles similar to depositional areas that often serve as sinks for anthropogenic chemicals, and 

location remote from pollution sources. A number of reference sites were investigated to 

encompass the major reaches of the Bay and to cover a wide salinity range. Benthic ecological 

criteria were secondary in reference site selection, though some investigations of benthic 

community structure were undertaken through cooperation with the San Francisco Bay/Delta 

Regional Monitoring Program (RMP). The condition of resident benthic biological 

communities is often considered's critical indicator of sediment quality, but salinity fluctuations 

and successive invasions of exotic species in San Francisco Bay cause a high degree of 

variability in species composition, making i t  difficult to resolve pollution impacts on benthic 

communities. 

Two sites in San Pablo Bay (North San Francisco Bay), one site in Central San Francisco Bay, 

two sites in the South Bay, and two sites outside of the Bay were investigated.  hey were 

identified as Island #1, Tubbs Island, Paradise Cove, North South Bay, South South Bay, 

Marconi Cove (Tomales Bay) and Audubon Canyon (Bolinas Lagoon), respectively. Three 

stations were established at each site. Surveys were conducted during three separate seasons, 

late Summer 1994 and late Winter/early Spring 1993 and 1995. Three stations at each of the 

three sites in the North and Central Bay were sampled during each survey (27 samples), while 

sites outside the Bay (Tomales Bay and Bolinas Lagoon) were sampled less frequently as 

sampling effort ulas directed toward the two sites in the South Bay. A total of 43 reference site 

samples \+,ere collected for the analyses described below. In addition, three potentially polluted 

sites were sanlpled once each for con~parison. 

Sediment grain size and total organic carbon (TOC) content were measured In all sanlples. All 

samples were tested for sediment toxicity, using up to nine different toxicity tests per sample. 

A series of standard toxicity tests was conducted on every sample, including tests of 

homogenized sediment using the amphipods Al?~peli.sccr abdita and Eol.ta~istorilrs estlrarirts, and 

tests of sediment porewater using embryos of two invertebrates, the bay mussel M~'ti1ris sp. 

and the sea urchin Srt.orlgj~locerltr-otlrsprr,plrrrrtits. Additional sediment toxicity tests \vere 

conducted on substantial subsets of reference site san~ples. These additional tests were 

designed to address specific study needs, such as screening for TIES or evaluating the effects 

of sedin~ent ho~nogenization. and included sediment porewater and intact sediment cores tested 



with the amphipod Eohaustorius estrrarirrs, homogenized sediment tests with both the 

polychaete worms (Neo)rtlres arennceoderrtata) and the Leptostracan crustacean Nehrilicr 

pugettensis, and tests of sea urchin embryos exposed at the sediment-water interface. 

Concentrations of sediment ammonia and hydrogen sulfide were measured in all toxicity tests. 

. Sediment chemistry was measured at all reference sites sampled during two of the 'hree 

surveys. Chemical analyses included measurement of 16 trace elements, 36 pesticides, 24 

PCB congeners, and 24 polycyclic aromatic hydrocarbons (PAHs). 

The two San Pablo Bay sites and the Central Bay site were sampled for benthic community 

analysis three times as part of the RMP pilot study. These samples were evaluated based on 

the presence or absence of organisms known to be indicative of either degraded or non- 

degraded sediments. 

Toxicological, chemical, and physical measurements were analyzed to determine significant 

correlations and to evaluate potential sediment toxicity test reference sites. In addition to 

evaluating reference sites, the data were used to evaluate the nine toxicity test protocols to 

determine which were most useful in the Bay. Data from all San Francisco Bay reference sites 

were used to establish a population of reference site toxicity values (the "reference envelope") 

that could be used to determine tolerance limits against which to conlpare the results of test sites 

in future sediment toxicity surveys. This evaluation of reference envelope tolerance limits 

included additional reference site data from BPTCP hot spot screening surveys and RMP semi- 

annual Bay-wide surveys. 

Toxicity identification evaluations (TIES) designed to investigate the causes of sediment toxicity 

were conducted at four sites: one site remote from sources of pollution (Tomales Bay), and 

three sites heavily influenced by human activities [Islais Creek, Mission Creek (China basin), 

and ~ u a d a l ~ ~ ~ e  Slough]. The results of these TIE investigations are presented in a separate 

report (Hansen et al. 1996). 

3.0 MAJOR FINDINGS 

5 3.1 Evaluation of Reference Sites 

Reference site sediments consisted primarily of fine-grained silts, clays and colloids, sinlilar to . 

the grain size regime characteristic of depositional areas where pollutants accumulate. Total 

organic carbon ranged from 0.74% to 2.39% at reference sites. a range that co\.ered TOC 

values found ar most test sites. 



Anthropogenic chemicals were generally found at relatively low concentrations at reference 

sites. Two elements, nickel and chromium, derived primarily from geologic sources, were 

found at moderately high concentrations at all site's. Sediment quality guideline values were 

exceeded for three other chemicals, the PAH dibenz[a,h]anthracene in a Paradise Cove sample, 

and the pesticide products p'p'DDT and total DDT, which were highly elevated in a 

measurement from a San Pablo Bay Island #1 sample. A replicate analysis of the Island #1 

sample failed to duplicate the high DDT values (they were not detected in the second replicate), 

and the high variability indicated that the mass of these chemicals may have been small, highly 

concentrated, and of uncertain biological significance (the sample was not toxic in any test). 

The RMP pilot study of benthic community structure included data from three of the reference 

sites. Island #1 was found to have a relatively low incidence of species characteristic of non- 

impacted conditions and a relatively high incidence of species characteristic of impacted 

conditions. This site was tentatively identified as being moderately impacted by pollutants. 

Paradise Cove had opposite proportions of indicator species, indicating a non-impacted benthic 

fauna, and Tubbs Island was intermediate between the two in terms of possible pollutant 

impacts. These results were considered preliminary, and the variable and unstable nature of 

benthic comnlunities in San Francisco Bay increases the uncertainty inherent in these 

characterizations. But the combined ecological and chenical data indicate that these sites are 

clearly not pristine, but may adequately represent the least polluted sites likely to be 

encountered given the constraints of fine grain size, Bay-wide distribution, and logistical 

concerns of accessibility and sampling effort. 

Toxicity tests of sediments from reference sites in San Francisco Bay produced rates of 

survival, growth and normal larval development that were similar to those observed in 

laboratory controls. Results from the two standard en~bryollarval development tests (using 

mussels and sea urchins) in porewater were always greater than 85% of control values, as were 

results of sea urchin embryollarval tests at the sediment-water interface. The two standard 

amphipod tests of Bay reference sediments generally produced results greater than 80% of test 

controls, and always greater than 60% of control values. One of 33 Ai7lpeliscrr tests was below 

8 0 7 ~ ,  while 9 of 33 Eolzrlrrstorius tests were below 80%. Survival of polychaete worms was 
. similar to that of Eohrrltsror-irrs in reference site sediments, though worm growth was more 

variable. The three test protocols designed for specific applications (Eo1lrirrstorilr.r in intact 

cores and porewater. and Nebrilirr in homogenized sediment) produced highly variable sesults, 

as discussed belo\\*. 



3.2 Evaluation of Sediment Toxicity Tests 

Criteria for evaluating sediment toxicity tests included test success rate, variability between . - 
laboratory replicates, tolerance to fine-grained sediments, tolerance to ammonia and hydrogen 

sulfide, salinity range, and ability to discriminate between sediments from impacted and 

reference sites. Tests with the amphipod Eokaustorius in homogenized sediment ranked well 

in all categories. The test is tolerant of a wide range of grain sizes and salinity, is tolerant to 

moderate concentrations of ammonia and hydrogen sulfide, met all test acceptability criteria, 

and distinguished between sediments from reference and impacted sites. Tests with the 

amphipod Anrpelisca had lower salinity tolerance, and met test acceptability criteria only when 

test organisms from the east coast were used. However, i t  was similar to Eohnusrorilrs in its 

sensitivity to test sediments and in its tolerance of ammonia and hydrogen sulfide, and it may 

have greater tolerance to fine-grained sediments. Embryo/larval tests with sea urchins met all 

test acceptability criteria and are sensitive to pollutants, but their salinity tolerance is limited. 

Embryo/larval tests with mussels have greater salinity tolerance and comparable toxicant 

sensitivity, but had a lower test success rate. Both of these tests are sensitive to ammonia and 

hydrogen sulfide. which limits their applicability in porewater exposures. 

An additional consideration in estuarine porewater testing is that sample salinity adjustment 

causes variable dilution of other sample constituents, including pollutants (see Methods Section 

3.2). The amount of sample dilution is dependent on the original salinity, and thus samples 

from the same survey may be tested at varying levels of dilution, complicating comparisons of 

test results among sites. Sedimentlwater interface (SWI) exposure systems minimize problems 

associated ~vith salinity, variable simple dilution, ammonia, and hydrogen sulfide, while 

increasing the ecological relevance of these embryo/larval tests. In SWI exposures, embryos 

are held on a screen one centimeter above the sediment surface in clean overlying water. 

Overlying water from the same source is used for all samples, so that the effects observed are 

only those caused by constituents fluxing from the test sediments. Embryos may be similarly 

exposed in natural settings when they settle to the sediment to develop before hatching. 

The polychaete worm Neorlthes and the Leptostracan crustacean Nebcrlicr are both very tolerant 

of ammonia and hydrogen sulfide, but were also unaffected by sediments from highly impacted 

sites. N C J N I I ~ ~ I Y S  tests met control acceptability criteria in two of three trials. while Nebnlicc tests, 

which \\.ere under development as a sulfide tolerant method, failed in two of three trial\. Tests 

of amphipods in both intact cores and porewater produced highly variable results. These tests 



were employed for specific purposes, and are not likely.to be recommended for monitoring 

surveys without extensive modification. 

3.3 Evaluation of Reference Envelope Statistical Method 

The "Reference Envelope" approach was developed to provide an appropriate statistical method 

for determining whether conditions at test sites were significantly worse than those in the 

surrounding area. This objective is different from that of determining absolute sample toxicity. 

Rather than comparing results of test samples with laboratory controls using laboratory 

replicate variance as the statistical test variance component, the reference envelope method 

establishes tolerance limits based on test results from reference site samples. Tolerance limits 

are calculated to identify samples significantly more toxic than a chosen proportion of the 

reference site distribution, and statistical significance is determined using variation among 

reference site results. In this way, the method considers all relevant sources of variation that 

could affect comparisons between sites, such as variation in time and space, the interaction of 

time and space components, and variation between replicates (the error term). If natural factors 

such as grain size vary anlong reference sites or between surveys, then the effects of these 

factors are accounted for in the analysis. Any additional variation (i.e. increased toxicity) is 

assumed to be the result of increased pollution at test sites. 

Reference site data from this study, from BPTCP hot spot screening surveys, and from RMP 

Bay-wide surveys were used in the calculation and evaluation of tolerance limits. All toxicity 

test protocols produced data that were normally distributed. Of 238 reference site values, eight 

were identified as outliers, using a conservative statistical outlier detection method. Tolerance 

limits calculated from this data set varied with data distribution, occurrence of outliers, 

reference envelope "p" values, and method of calculation. The "p" value is the proportion of 

the reference site distribution selected for the tolerance limit. For example, a "p" value of 10 

would set the tolerance limit such that any sample with a test result below the limit would be as 

toxic or more toxic than the worst 10% of samples expected in the water body characterized by 

the reference sites. 

Tolerance limits ivere highest when calculated from data with high mean values and low 

variability among reference sites. The sea urchin embryollarval development test had the 

highest tolerance limits (e._r. 93% of the control value at a "p" value of 10). Such high 

tolerance limits are indicative of consistently high reference site values, but do not necessarily 

indicate that the level of response was biologically significant. In such cases. we would 

recon~mend deferring to a "detectable difference" criterion (such as described by Thursby et a]., 



1997). Data sets with relatively low values and high variability ofien produced tolerance linlits 

that were negative. Toxicity test standards below zero clearly have no utility, and these data 

cannot be used in this approach. The amphipod tests using homogenized sediment had 

tolerance limits ranging from 60% to'70% of control values (for p = 10). 

An additional element of the study involved the selection of appropriate methods for calculating 

tolerance limits. Three methods were evaluated. One method was non-parametric, the second 

used a "naive" variance that assumed only a single source of variation (such as when all sites 

are sampled at one time, or only one site is sampled often), and the third method assumed 

multiple sources of variation, which is appropriate for this and most other studies, but involves 

more elaborate calculations. The single and multiple variation methods produced similar results 

when most of the variance in the data set was distributed in the error variance component. 

When variance was distributed more evenly among time, space, interaction, and error 

components, the results of the two n~ethods diverged. Non-parametric tolerance limits 

depended on the absolute range of toxicity values in the reference site data set. 

Appropriate application of the reference envelope approach and the resulting tolerance limits 

will depend on professional judgment in determining the quality of the reference data base, 

selection of "p" values, and suitability to the goals of the investigation. Reference site data 

bases with less than about six values probably cannot produce acceptable tolerance limits, and 

tolerance limits based on less than twenty reference site values should be applied with caution. 

This method can effectively distinguish impacted sites from optimal ambient conditions if those 

conditions are well characterized and the assumptions of the method are met. In some cases, 

entire water bodies may be polluted to the extent that optimal ambient conditions are not a 

sufficient standard for conlparison, and other methods would need to be applied to measure 

and impl-ove environmental quality. 

Results of this study indicate that the reference sites evaluated are not'pristine, but have 

relatively low concentrations of pollutants, and probably approximate optimal ambient 

conditions for fine-grained sediments in San Francisco Bay. Many toxicity test protocols 

produced distributions of reference site data that could be used to calculate reasonable toxicity 

tolerance limits. Successful application of this information for monitoring activities will require 

continued sampling of reference sites coincident with monitoring surveys, and thoughtfi~l 

selection of reference envelope "p" values, based on carefiil consideration of data quality and 

study objectives. 



Introduction 

1 .O BACKGROUND 

San Francisco Bay is typical of estuaries worldwide in that it provides critical habitat for 

aquatic species, including many commercially and ecologically important marine species that 

use estuaries as rearing grounds for early life stages (Conomos et al., 1979). It is also typical 

in that it supports tremendous economic and industrial activity related to its international port 

facilities that take advantage of the Bay's natural harbor. Industry, population growth, and 

pesticide applications over the vast agricultural area that drains to the Bay have resulted in 

historical and current inflows of toxic chemicals (SFEPIAHI, 1991). Public concern for 

human health, aquatic life and other beneficial uses of Bay waters has prompted continuing 

efforts to understand and monitor the effects of pollutants. The goal of the present study is to 

assist in the assessment of pollution impacts by evaluating methods to determine whether 

adverse biological responses observed in samples from San Francisco Bay are caused by 

localized concentrations of pollutants in Bay sediments or by factors operating on a wider 

scale throughout the Bay. This is part of an effort by the Regional Water Quality Control 

Board and the State Water Resources Control Board to identify toxic hot spots in California's 

bays and estuaries through the Bay Protection and Toxic Cleanup Program. Determination of 

statistically significant toxicity relative to responses observed at reference sites representing 

optimal ambient conditions found within the Bay will help to identify and prioritize sites for 

regulatory and/or remedial action. 

Chemical pollutants entering aquatic environments comn~only bind to particulate matter and 

tend to accumulate in sediments. The fate of pollutants in sediments is regulated by con~plex 

geochemical processes that control the availability of these chemicals to infaunal and water 

column biota. Because chemical bioavailability in sediments is difficult to predict, and 

because varying concentrations of numerous anthropogenic chemicals have been measured in 

sediments from locations throughout the Bay, it is difficult to determine whether chemicals 

found at study sites are likely to result in adverse impacts to biological communities. 

Knowledge of sediment chemical concentrations alone is currently insufficient to accurately 

predict biological effects on a site-specific basis (Long et al., 1998), and most investigations 

include effects-based measurements using biological indicators. A weight-of-evidence 

approach invol~~ing collection of synoptic chemistry, benthic ecology, and toxicity data is 

particularly useful in determining the probability of biological impacts from polluted 

sediment5 (Chapman et al., 1987). 



While pollution effects may occur at various levels of biological organization from enzymes 

to ecosystems, the current study has focused on impacts to individual organisms, as measured 

in sediment toxicity tests (bioassays). Toxicity tests, measuring survival. growth, and normal 

development of aquatic organisms after laboratory exposures to sediment samples, are 

commonly used in regulatory assessments. Sediment toxicity tests alone do not provide 

sufficient information to allow an understanding of processes controlling the biological 

impacts of pollutants, and have a limited ability to predict damage to natural ecosystems 

(Luoma and Carter, 1993). However, they are useful tools for identifying toxic sediments for 

a number of reasons. Sediment toxicity tests can be simple, of short duration, and precise for 

statistical analyses (Swartz et al., 1985a). The test organisms exhibit quantifiable, obviously 

detrimental responses to the integrated effects of sediment contaminants. and relationships 

between toxicity tests results and benthic community indices have been demonstrated along 

contamination gradients (Swartz et al., 1982, 1985). 

2.0 STUDY OBJECTIVES 

The present study had four objectives: 

1 )  identify and evaluate sediment reference sites in San Francisco Bay. 

2) evaluate appropriate sediment toxicity test methods for use in San Francisco Bay, 

3) evaluate a statistical method (the "reference envelope" approach) that characterizes 

toxicity test responses expected from samples in the absence of severe localized 

pollution to provide a relative standard against which to compare results from test 

sites, and 

4) investigate the use of toxicity identification evaluations (TIES) in determining the 

causes of toxicity at sites urith both high and low concentrations of measured 

anthropogenic chemicals. 

2.1 Identification of Sediment Reference Sites 

The first objective was to identify and evaluate reference sites in San Francisco Bay. 

Previous studies have attempted to identify and set criteria for sites from which reference 

sediment samples could be collected (USEPA, 1986; PTI, 1991). Criteria include low 

concentrations of anthropogenic chemicals, distance from known major sources of pollution, 

and natural features such as grain size and total organic carbon (TOC) that are similar to test 

sediments (PTI. 1991). Potential reference sites for this study were selected on the basis of 

these factors. Bulk sediment trace metal and organic chemistry analyses were conducted as 

part of this study and were included in the reference site selection process. 



Analysis of benthic community ecology was secondary in the selection of reference sites, 

because benthic communities in San Francisco Bay, to a greater extent than in many other 

estuaries, are often dominated by introduced opportunistic species whose abundance is 

strongly affected by seasonal salinity fluctuations (Nichols and Thompson, 1985). While 

benthic ecological assessments are among the best indicators of sediment quality (Chapman 

et al., 1987; Swartz et a]., 1985b), variability in species composition in San Francisco Bay 

due to salinity fluctuations and successive waves of invading species were expected to 

substantially limit the use of ecological data in reference site selection. However, through a 

cooperative effort with the San Francisco Estuary Regional Monitoring Program (RMP), 

benthic community data were collected at three candidate reference sites. Species 

assemblages at these sites were characterized and compared to those from other sites 

throughout the BayIDelta. 

2.2 Evaluation of Sediment Toxicity Test Methods 

The second objective of this study, evaluation of appropriate sediment toxicity test methods 

for use in San Francisco Bay, is part of continuing efforts to select monitoring tools that 

effectively distinguish areas impacted by pollution. Of the numerous toxicity test species and 

protocols available, the constraints of salinity, grain size and seasonal factors in the Bay have 

limited the number of tests suitable for regulatory application (Long et al., 1990). Sediment 

toxicity tests were chosen for evaluation in this study based on a number of criteria, including 

ecological relevance, wide acceptance in the scientific community, sensitivity to pollutants, 

success rate, precision among replicates, and tolerance to natural factors of salinity, grain 

size, sulfide, and ammonia. 

2.3 Evaluation of the Reference Envelope ~tatisticil  Approach 

The third objective of this study was to evaluate a statistical method that could identify 

significantly toxic sites based on comparisons with toxicity data from reference sites within 

San Francisco Bay. As with chemical measurements, toxicity tests yield data on a 

continuun~ from low values to high, and it is necessary to distinguish between sites where 

toxicity is clearly indicative of localized pollution and sites where test results are 

characteristic of less impacted areas of the Bay. Since samples from a group of study sites 

ulould be expected to exhibit some level of variation in toxicity test response even in the 

absence of pollution, a method is required to determine what level of test response is 

significantly greater than expected of samples representing optimal ambient conditions in the 

Bay. The reference envelope approach uses reference site data to calculate tolerance limits 



as relative standards against which to compare results from test sites. Tolerance limits are 

specified by a given proportion ("p") of the reference distribution, and samples that are more 

toxic than the tolerance limit would be considered among the most toxic "pth" percentile of 

the Bay as represented by the reference sites. Specific details of this approach are given in 

part 10.3 of the Methods section. 

2.3.2 Optilnol Ambietlt Conditions 

The term "optimal ambient conditions" is used throughout this report to indicate the least 

impacted state in which fine-grained sediments are likely to be found 'in the different basins 

of San Francisco Bay. It is not intended to imply "average" conditions, since the average 

state of Bay sediments may be unacceptable in terms of pollutant impact. The sites evaluated 

in this study may not be the least polluted in San Francisco Bay; substantially greater 

sampling effort would be needed to make that determination. However, as part of the first 

objective of this study, we have sought to identify sites exhibiting less human impact and 

chemical contamination than had been found in previous studies of other areas in the Bay. In 

this context, the term "ambient" is defined as representative of conditions existing over a 

relatively large area. Reference sites are considered to be representative of "optimal ambient 

conditions," rather than "background" conditions thought to exist prior to anthropogenic 

influence. 

In an estuary as heavily urbanized as San Francisco Bay, it is probable that all sites have 

detectable levels of anthropogenic chemicals and some resulting potential for causing adverse 

biological effects. However, logistical constraints of the BPTCP require that toxic hot spot 

identification efforts be focused on sites where i t  can be clearly demonstrated that observed 

toxicity is due to localized pollution rather than to conditions thought to occur in a much 

wider geographic area. 

2.3.3 Absolltre and Relative Sraildords 

The objective of determining significant distinctions between test sites and reference 

conditions is different from that of determining the absolute toxicity of a sediment sample. 

For this latter purpose, statistically significant sediment toxicity is often determined through 

comparisons of test samples against laboratory controls using standard t-test statistics (e.g., 

Schimmel et al., 1994). Laboratory controls are generally san~ples of sediment from the site 

where the test organisms are collected, and are thus expected to produce minimal toxicity 

( e . ~ . ,  less than 10% mortality). The variance component of the t-test, as commonly applied, 

is the variance among responses from laboratory replicate test chambers. Variation among 



study sites is not considered, even though toxicity test results could vary considerably anlong 

sites even in the absence of toxic chemicals. This approach, therefore, uses variability 

among laboratory replicates to determine whether the difference between a test sample and a 

control is statistically significant. We might consider the control in this case to be an 

absolute standard: the response of healthy animals in their native sediment. The reference 

envelope approach, in contrast, uses variation among reference site test results to determine 

the statistical significance of differences between test site results and tolerance limits 

calculated from reference site data. The method provides a relative standard that incorporates 

all types of variance that affect differences between sites over the course of a study. 

Variation in space (among reference sites), time (among surveys), spaceltime interaction, and 

among replicates (the error term) are all considered in determining the significance of 

tolerance limits. 

2.3.4 Alter~icirive Approciclles to Use of Reference Sires 

Reference sites have been used previously as relative standards for comparison with test sites 

(e.g., USEPA, 1986). In the simplest case, a sample from a single reference site can be 

compared to a test sample using laboratory replication and a t-test. Field replicates can be 

incorporated into experimental designs to more accurately characterize field variance, but 

variation within a site on a given sampling date may not adequately represent variation 

occurring throughout the study area over multiple sampling times that usually characterize 

long-term studies. A far more comprehensive method has been developed for freshwater 

systems, involving the use of large numbers of extensively characterized reference sites that 

are classified into groups using cluster analysis and ordination. Ordination scores are then 

correlated with non-anthropogenic variables to generate a model of how similar sites should 

respond in toxicity tests. Sites producing greater toxicity than predicted by the models would 

be considered toxic due to anthropogenic factors (e.g., Reynoldson et al., 1995). This 

method, however, requires a very large number of reference sites to model multiple 

environmental conditions, and may be difficult to implement in a setting as complex as a 

large estuary. The reference envelope approach evaluated in the present study is an attempt 

to use toxicity data from multiple reference sites to generate a population of reference values 

that provide a relative standard against which to compare data from test sites. 

2.3.5 I ~ ~ I ~ I ~ ~ c c ~ ~ ~ o I I s  of Ulie~pIc1i17ed To~icit?. 

An additional consideration i n  evaluating the reference envelope approach is that samples 

from sites ~vith low leifels of measured pollutants have been shown in some cases to be 

significantly more toxic than laboratory controls (Long et al., 1990: USEPA, 1986). 



Observed toxicity from these presumably "clean" sites is unexplained, but the implications 

are important for regulatory decision making. If,' on the one hand, the observed toxicity is 

due to unmeasured pollutants, and there are many anthropogenic compounds that are not 

routinely measured in s'ediment assessments, then the site should probably be targeted for 

further regulatory attention and not used as a reference site. However, the toxicity may be 

the result of natural variation, or response to naturally occurring compounds, such as algal 

toxins associated with fish kills (Burkholder et al., 1992). More than 1500 halogenated 

chemicals of natural origin have been isolated from the environment; and many have been 

shown to be toxic to humans, livestock, fish, mollusks, and mosquito larvae (Gribble, 1992). 

In such cases, this "natural" variation in toxic response should be included in the background 

variance component of any statistical approach used to evaluate the significance of test site 

data. To our knowledge, however, there is no evidence that natural toxins are responsible 

for observed responses in sediment toxicity tests. Care must be taken, therefore, in selecting 

reference sites that are indicative of ambient variability without incorporating sites with 

severe toxicity that may be related to unmeasured or poorly understood pollutants. A 

component of this study, part of the fourth objective described below, was to use toxicity 

identification evaluation (TIE) techniques in an attempt to understand the causes of toxicity 

at such sites. 

2.4 Effects of Sediment Grain Size 

Of the natural factors that may affect the results of toxicity tests using infaunal organisms, 

grain size was selected for additional analysis as part of this study. High proportions of fine- 

grained sediment have been shown to adversely affect test amphipods to some degree 

(USEPA, 1993: DeWitt et al., 1988). Oakden et al. (1984) found amphipods were capable of 

distinguishing between paired sediment samples with slight differen~es in mean grain size, 

and niche diversity of amphipods has been related to very specific grain size requirements 

(Oliver et a]., 1982; Oakden, 1984; Bousfield, 1970; Dennel, 1933; Sameoto, 1969; 

Biernbailrn, 1979; Finchham, 1969). Ott ( 1986) concluded that fine-grained sediments are 

very diverse in characteristics; some of the finest-grained sediments have less impact on 

amphipods if they are incorporated in organic matrices. Johnson (1974) determined that in 

some samples, up to 70% of the mineral grains were found in organic matter aggregates such 

as fecal material, and that nearly all clay and silt-size particles were incorpo~ated into an 

organic matrix. Information on oiganic matrices is not available f rok  standard grain size 

analyses. Ho\ve\,er, in one sampling period of this study, we employed microscopic analysis 

as proposed by Johnson (1974), in addition to the more common hydrometric techniques. to 



further investigate the relationship between grain size and toxicity test response at sites with 

relatively low contaminant concentrations. 

2.5 Toxicity Identification Evaluations 

The fourth objective of this study was to investigate the use of toxicity identification 

evaluations (TIES) in determining the causes of toxicity at both polluted sites and at potential 

reference sites that had previously produced toxic samples despite relatively low 

concentrations of measured contaminants. Existing TIE methods (Burgess et al., 1996; . 

Mount, 1988; Mount and Anderson-Carnahan, 1988a, b) were evaluated, and modifications 

were made where necessary to adapt these methods for use with the test organisms used in 

this phase of the study (embryos of the purple sea urchin Stror~g~locer~tror~rs plrrpitrat~is, 

embryos of bay mussels M)!tiIlrs spp., and adult amphipods Eokccirstorius esrucrriirs). Toxic 

samples from three sites previously shown to be contaminated (Islais Creek, Guadalupe 

Slough, and East China Basin) and one site from a remote unpolluted area (Marconi Cove in 

Tomales Bay; Flegal et'al., 1994) were chemically manipulated in attempts to selectively 

remove sample toxicity. By comparing the toxicity of sample fractions to the toxicity of the 

original sample, classes of compounds could be systematically eliminated as candidate 

chemicals likely to be responsible for observed toxicity at the test sites. 

3.0 SAMPLING APPROACH 

To accomplish the goals of this study, we conducted as many as nine different sediment 

toxicity tests at seven field-replicated sites in or near San Francisco Bay during three seasons. 

Toxicity test results were compared with sediment grain size and measured concentrations of 

trace metals, trace organics, ammonia. hydrogen sulfide, and total organic casbon (TOC) to 

in\,estigate causes of variation in test response at selected reference sites. Data were also 

collected from test sites to allow an evaluation of each toxicity test's ability to distinguish 

between reference and impacted sites, and to determine how results from impacted sites 

compared with tolerance limits established using the reference envelope statistical approach. 

The res~~l ts  of these investigations are presented in this report. The TIE investigations were 

conducted at another facility, and are presented in a separate document (Hansen and 

Associates, 1996). 



Me'thods 

1.0 SITE SELECTION 

1.1 Reference Sites 

Seven sites were selected for evaluation as reference sites to be used in future toxicity 

assessments in San Francisco Bay. Sites were evaluated based on criteria established in 

previous studies (USEPA, 1986; PTI, 1991; Long et al., 1990), including: low concentrations 

of anthropogenic chemicals, distance from known major sources of pollution, and natural 

features such as grain size and total organic carbon (TOC) that are similar to test sediments. 

Sites with fine-grained sediment were selected because most heavily polluted test sites have 

been found in depositional areas with fine sediments. Three field replicates were collected at 

each site (Appendix 1). Sites selected for initial evaluation as reference sites are shown in 

Figures 1 through 4 and are listed below (Table 1). 

Table la .  Reference sites evaluated and used in the development of toxicity tolerance limits. 

Water Bodv Location Station # Latitude Longitude Sam~ling Dates 

Central SF Bay Paradise Cove 20005 37,53,95N 122,27,86W 4/94, 9/94, 3/95 

San Pablo Bay Tubbs Island 20006 38,06,87N 122,25,16W 4/94, 9194,4195 

San Pablo Bay Island #1 20007 38,06,72N 122,19,7 1 W 4/94, 9/94, 4/95 

South SF Bay North Site 2001'3 37,34,23N 122,08,98W . 3/95 

South SF Bay South Site 20014 37,32,18N 122,07,16W 3/95 

Table lb .  Reference sites evaluated but not used in the developnlent of toxicity tolerance limits. 

Water Bod\! Location Station # Latitude Longitude Samnling - Dates 

Bolinas Lagoon Audubon Cyn 20008 37,55,4 1 N 122,40,57W 4/94 

Tomales Bay Marconi Cove 20009 38,08,36N 122,52,46W 4/94. 9/94, 3/95 

1.2 Test Sites 

In addition to potential reference sites, one sample was collected from each of three sites where 
0 

previous studies had shown either high toxicity or high levels of toxic chemicals (e.g. Flegal et 

a]., 1994; Anderson et al.. 1995; Long et al. 1988). Data from these sites were compared .. 
against reference sites as part of the evaluation of toxicity tests and the reference envelope 

statistical approach. Locations of these test sites are shown in Figures 2 and 3, and are listed 

below. 



Figure 1. Location of Study Area. 
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Figure 2. Overview Map of Study Sites in  and nearsan ~rancisco Bay. 
~ l k k  stars indicate reference sites; black squares indicate test sites used 
for comparison. Gray stars indicate sites outside of San Francisco Bay 
that were investigated as potential reference sites. 
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Figure 3. Location of Reference Sites in San Pablo Bay and San 
Francisco Bay. 
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Figure 4. Location of ~ e s t  Sites in SanPablo Bay and San Francisco Bay. 



Table 2. Test Site used in evaluations of toxicity test protocols and toxicity tolerance limits. 

Water Bodv Location Station # Latitude Longitude Sam~ling Dates 

San Pablo Bay Castro Cove 200 10 37,57,26N 122,24,09W 9/94 

South S F  Bay Islais Creek 200 1 1 37,44,90N 122,23,5 1 W 9/94 

Central S F  Bay Treasure Is. 2001 2 37,48,86N 122,2 1,86W 3/95 
Clipper Cove 

2.0 SAMPLE COLLECTION AND PROCESSING 

2.1 Summary Of Methods 

This section describes specific techniques for collecting and processing samples. Because 

collection of sediments influences the results of all subsequent laboratory and data analyses, it 

was important that samples be collected in a consistent and conventionally acceptable manner. 

Field and laboratory technicians were trained to conduct a wide variety of activities using 

standardized protocols to ensure comparability in sample collection among crews and across 

geographic areas. 

2.2 Cleaning Procedures 

All sampling equipment ( i .e . ,  containers, container liners, scoops, water collection bottles) was 

made from non-contaminating materials and was precleaned and packaged protectively prior to 

entering the field. Sample collection gear and samples were handled only by personnel 

wearing non-contaminating polyethylene gloves. All sample collection equipment (excluding 

the sediment sampler) was cleaned by using the following sequential process: 

1) two-day soak and wash in Micro (brand) detergent, 

2) three tap-water rinses, 

3) three deionized water rinses, 

4) a three-day soak in 10% HCI or HNO3, 

5) three ASTM Type 11--Milli-Q -- water rinses, 

6) air dry, 

7) three petroleum ether rinses, and 

8) air dry. 

All cleaning after the Micro (brand) detergent step was performed in apositive pressure "clean" 

room to prevent airborne contaminants from contacting sample collection equipment. Air 

supplied to the clean room was filtered. 



The sediment sampler was cleaned prior to entering the field, and between sampling stations, 

by utilizing the following sequential steps: a vigorous Micro (brand) detergent wash and 

scrub, a sea-water rinse, a 10% HCl rinse, and a methanol rinse. The sediment sampler was 

scrubbed with seawater between successive deployments at the same station to remove 

adhering sediments from contact surfaces possibly originating below the sampled layer. 

Sample storage containers were cleaned in accordance with the type of analysis to be 

performed. All containers were cleaned in a positive pressure "clean" room with filtered air to 

prevent airborne contaminants from contacting sample storage containers. 

Plastic containers (HDPE or TFE) for grain size or trace metal analysis media (sediment, 

archive sediment, pore water, and subsurface water) were cleaned by: a two-day Micro (brand) 

detergent soak, three tap-water rinses, three deionized water rinses, a three-day soak in 10% 
HCl or HNO3, three Type 11-Milli-Q (brand)-water rinses, and air dry. 

Glass containers for total organic carbon or synthetic organic analysis media (sediment, archive 

sediment, pore water, and subsurface water) and additional teflon sheeting cap-liners were 

cleaned by: a t\vo-day Micro (brand) detergent soak, three tap-water rinses, three deionized 

water rinses, a three-day soak in 10% HCI or HNO3, three Type 11-Milli-Q (brand)-water 

rinses, air dry, three petroleum ether rinses, and air dry. 

2.3 Sediment Sample Collection 

All sampling locations (latitude & longitude), whether altered in the field or predetermined, 

were verified using a Magellan GPS NAV 5000, and recorded in the field logbook. 

The primary method of sediment collection was by use of a O.lm2 Young-modified Van Veen 

grab aboard a sampling vessel. Modifications included a non-contaminating Kynar coating 

which covered the grab's sample box and jaws. After the filled grab sampler was secured on 

the boat gunnel, the sediment sample was inspected carefully. The following acceptability 

criteria were met prior to taking sediment samples: 

1 )  Sampler was not over-filled (i .e. ,  the sediment surface was not pressed against the top of 

the sampler). 

2) Overlying water was present, indicating minimal leakage. 

3) Overlying water was not excessively turbid, indicating minimal sample disturbance. 

4) Sediment surface was relatively flat, indicating minimal sample disturbance. 

5) Desired penetration depth was achieved ( i . e . ,  > 5 cm). 



6) Sample was muddy (>30% fines), not sandy or gravelly. 

7) Sample did not include excessive shell, organic or man-made debris. 

8) There were no obstructions holding the jaws open to allow sample to wash out. 

If a sample did not meet all the above criteria, it was rejected. 

It was critical that sample contamination be avoided during sample collection. All sampling 

equipment (i.e., siphon hoses, scoops, containers) was made of non-contaminating material and 

was cleaned appropriately before use. Samples were not touched with un-gloved fingers. In 

addition, potential airborne contamination (e.g., from engine exhaust, cigarette smoke) was 

avoided. Before sub-samples from the grab sampler were taken, the overlying water was 

removed by slightly opening the sampler, being careful to minimize disturbance or loss of fine- 

grained surficial sediment. Once the overlying water was removed, the top 5 cm of surficial 

sediment was sub-sampled from the grab. Subsamples were taken using a precleaned flat 

bottom Teflon scoop. This device allowed a relatively large sub-sample to be taken from a 

consistent depth. When subsampling surficial sediments, unrepresentative material (e.g., large 

stones or vegetative material) was removed from the sample in the field. Small rocks and other 

small foreign material remained in the sample. Criteria used to determine representativeness of 

sample material were deternlined by the chief scientist. Such removals were noted on the field 

data sheet. For the sediment sample, the top 5 cm was removed from the grab and placed in a 

pre-labeled polycarbonate container. Between grabs or cores, the sediment sample in the 

container was covered with a teflon sheet, and the container covered with a lid and kept cool. 

When a sufficient amount of sediment was collected, the sample was covered with a teflon sheet 

assuring no air bubbles. A second, larger teflon sheet was placed over the top of the container 

to ensure an air tight seal, and nitrogen was vented into the container to purge i t  of oxygen. 

Water depth did not pernlit boat entrance to the Bolinas Lagoon sampling area, so divers 

sampled that site using sediment cores (diver cores). Cores consisted of a four-inch diameter 

polycarbonate tube, one-foot in length, including plastic end caps to aid in transport. Divers 

entered the study site from one end and sampled in one direction so as not to disturb the 

sediment with feet or fins Cores were taken to a depth of at least 15 cm. Sediment was 

extruded out of the top end of the core to the prescribed depth of 5 cm, removed with a 

polycarbonate spatula and deposited into a cleaned polycarbonate tub. Additional samples were 

taken with the same seawater rinsed core tube until the required volume was attained. Diver 

core samples were treated the same as grab samples, with teflon sheets covering the sample and 

nitrogen purging. All sample acceptability criteria were met as with the grab sampler. 



2.4 Transport Of Samples 

Forty sample containers (5-liter) were packed with enough ice to keep them cool (4"k 3°C) for 

48 hours. Each container was sealed in two precleaned, large plastic bags closed with a cable 

tie to prevent contact with other samples or ice or water. Samples were driven back to the 

laboratory by the sampling crew within 24 hours of collection. 

2.5 Homogenization And Aliquoting Of Samples 

Samples remained iced until the containers were brought back to the laboratory for 

homogenization. All sample identification information (station numbers, etc.) was recorded on 

Chain of Custody (COC) and Chain of Record (COR) forms prior to homogenizing and 

aliquoting. A single container was placed on plastic sheeting while also remaining in original 

plastic bags. The sample was stirred with a polycarbonate stirring rod for at least 5 minutes, 

until mud appeared homogeneous. 

All prelabeled jars were filled using a clean teflon or polycarbonate scoop and stored in 

freezerlrefrigerator (according to medialanalysis) until analysis. The sediment sample was 

aliquoted into appropriate containers for trace metal analysis, organic analysis, pore water 

extraction, and toxicity testing. Samples were placed in boxes sorted by analysis type and leg 

number. Sample containers for sediment toxicity tests were placed in a refrigerator (4°C) while 

sample containers for sediment chemistry (metals, organics, TOC and grain size) were stored 

in a freezer (-20°C). 

2.6 Procedures For The Extraction Of Pore Water 

Samples were centrifuged for extraction of pore water using a Beckrnan JB-6 refrigerated 

centrifi~ge. One liter centrifuge bottles were filled with homogenized sediment and balanced to a 

uniform weight. Four bottles were centrifuged sin~ultaneously for 30 minutes at 4°C and 2500g 

(3150 RPM). Supernatant porewater was siphoned from the bottles, after centrifugation, and 

placed in subsample containers suitable for appropriate subsequent analysis. 

2.7 Chain Of Custody And Records 

Chain-of-custody documerits were maintained for each station. Each form was a record of all 

sub-samples taken from each sample. 'IDORG number (a unique identification number for only 

that sample). Department of Fish and Game (DFG) station numbers and station names, leg 

number (sample collection trip batch number), and date collected were included on each sheet. 

A chain-of-custody form accompanied every sample so that each person releasing or receiiring 

a subsample signed and dated the form. 



2.8 Authorization/Instructions To Process Samples 

Standardized forms entitled "Authorization/Instructions to Process Samples" accompanied the 

receipt of any samples by any participating laboratory. These forms were completed by DFG 

personnel, or its authorized designee, and were signed and accepted by both the DFG 

authorized staff and the staff accepting the samples on behalf of the particular laboratory. The 

forms contain all pertinent information necessary for the laboratory to process the samples, 

such as the exact type and number of tests to run, number of laboratory replicates, dilutions, 

exact eligible cost, deliverable products (including hard and soft copy specifications and 

formats), filenames for soft copy files, expected date of submission of deliverable products to 

DFG, and other information specific to the laboratory and analyses being performed. 

3.0 TOXICITY TESTING 

3.1 Summary Of Methods 

All toxicity tests were conducted at the DFG Marine.Pollution Studies Laboratory (MPSL) at 

Granite Canyon. Toxicity tests were conducted by personnel from the Institute of Marine 

Sciences, University of California, Santa Cruz. Quality assurance criteria for all toxicity tests 

are given in Appendix B, Section 2. Water used as dilution water an'd overlying water in all 

toxicity tests was made from filtered (lpm) natural Granite Canyon seawater mixed with 

distilled water or spring water to the appropriate salinity. 

Nine toxicity test protocols were employed in this study, including 10-day solid-phase tests 

with the aniphipods Ai~~yelisca and Eohalrstorilrs in homogenized sediment, 10-day solid-phase 

tests with Eol~olrstorirrs i n  intact sediment cores, 10-day tests with Eolzcilrstoi.ilrs in pore water, 

10-day solid-phase tests with the Leptostracan crustacean Nebalia, 20-day solid-phase tests 

with the polycheate worm Nenizthes, 48-hour porewater tests with embryos of the mussel 

Mjtilrrs. 72-hour porewater tests with embryos of the sea urchin Stroilgjlocerltronu, and 72- 

hour tests with embryos of the sea urchin Stro~tgylocentrot~4s exposed at the sediment-water 

interface. All tests were conducted at each of the three sampling periods, except for the 

Eohalr.stoi-i1r.c. test in intact cores, the Nearltlles test, and the Nebalia test, which were each 

conducted in t\vo of the three sampling periods. Descriptions of the test methods are given 

below. 



3.2 Handling Of Pore. Water Samples For Toxicity Testing . 

solid-phase sediment samples collected in April, 1994, and MarchIApril, 1995, were held for 

less than 48 hours prior to extraction of pore water. Due to logistical constraints, samples 

collected in September, 1995, were held for time periods ranging from four to six days prior to 

extraction of pore water. After extraction, pore water samples were kept at 4"lt 3°C for no 

longer than 48 hours prior to initiating toxicity tests in the first two sampling runs (April, 1994, 

and September, 1994). However, pore water samples were held (4"* 3°C ) for as long as 8 

days in MarchIApril, 1995, because flooding and the collapse of the Highway I bridge over the 

Carmel River limited access to the toxicity testing laboratory at that time. Prior to testing, 

sample temperature, pH, salinity, and dissolved oxygen were measured in all samples to verify 

that water quality criteria were within the limits defined for test protocol. 

Pore water samples with salinities outside specified ranges for each protocol were adjusted to 

within the acceptable range. Salinities were increased by the addition of hypersaline brine, 

6O%0 to 80%0, drawn from partially frozen seawater. Sample salinities and the amount of 

sample dilution necessary to adjust salinity for testing are given in Table 3. Water quality 

parameters were measured at the beginning and end of each test. Dissolved oxygen 

concentrations and pH were measured using an Orion EA940 expandable ion analyzer. 

Salinity was measured with a temperature compensating Reichart refractometer. Sample 

temperature was measured with a mercury thermometer. Total anmonia concentrations were 

measured using an ammonium ion specific electrode (Orion model 95-1 2), and sulfide 

concentrations were measured on a spectrophotometer using the colorimetric methylene blue 

method (Phillips et al., 1997, adapted from Fonselius, 1985). 

3.3 Handling Of Sediment Samples For Toxicity Testing 

Bedded sediment samples were held at.4"C until required for testing. All solid-phase sediment 

tests were initiated within 14 days of the sample collection date. All sediment samples were 

processed according to procedures described in ASTM (1993). Water quality parameters, 

including ammonia and hydrogen sulfide concentrations, were measured in one replicate test 

container from each sample in the overlying water as described above. Ammonia, hydrogen 

sulfide and pH were measured in both overlying water (collected within 1 cm of the sediment) 

and in interstitial water extracted by centrifugation at the beginning and end of each test. 

Samples for ammonia and pH were held in capped containers and measured within one hour of 

extraction. Hydrogen sulfide samples were preserved with zinc acetate immediately after 

extraction. Measurements were taken at the beginning and end of all tests, and during 

overlying water renewals in the Ncrr~rthes tests. 



Table 3. Sample Pore Water Salinity and Pore Water Concentration in Test Solutions. Samples 
with salinity beyond the range appropriate for each protocol were adjusted with hypersaline brine 
or distilled water. This adjustment diluted the samples, decreasing pore water concentrations in 
test solutions to the levels indicated. Protocol salinity range was 32 * 2 % ~  for sea urchins, 28 k 
2 % ~  for mussels, and 28 i 3% for the amphipod Eohaustorius estuarius. 

% Pore Water in Test Solution after Salinitv Adiustment 

Sea Urchin Mussel Amphipod 
Test Sample Development Development Survival 

Location Station # Date Salinitv %o (Tested at 32%0) (Tested at 28%) (Tested at 28%") 

Paradise Cove 20005 4/94 26% 83 % 95 % 100% 

Tubbs Island 20006 4/94 18 68 77 8 1 

Island #1 20007 4/94 18 68 77 8 1 

Audubon Cyn 20008 4/94 31 100 92 8 9 

Marconi Cove 20009 4/94 32 100 88 8 9 

Paradise Cove 20005 9/94 30 93 9 3 

Tubbs Island 20006 9/94 25 8 3 9 3 

Island #1 20007 9/94 24 8 1 92 

Marconi Cove 20009 9/94 34 100 8 2 

Castro Cove 20010 9/94 27 8 7 100 

Islais Creek 2001 1 9/94 30 93 9 3 

Paradise Cove 20005 3/95 18 7 5 8 3 

Tubbs Island 20006 4/95 2 55' 6 1 

Island #1 20007 4/95 2 5 6 62 

Marconi Cove 20009 3/95 28 90 100 

Treasure Is. 20012 3/95 20 7 6 86 
Clipper Cove 

North S. Bay 20013 3/95 15 7 1 7 9 

South S. Bay 20014 3/95 15 7 1 7 9 

* Amphipod test solution salinity for stations 20006 and 20007 was 15%. 

In cases where sample salinity was beyond 3% from the test target salinity. overlying water 

was prepared at a salinity calculated to produce the target salinity after equilibrium was reached 

between overlying water and sample pore water. Sediment was not stirred with overlying 

water, but salinity was allowed to equilibrate through flux for 24 hours prior to introduction of 

test organisms. Neither ammonia nor hydrogen sulfide was adjusted prior to testing. 



3.4 Tests With The Amphipod Antpelisca abditcr 

Al~~pelisca toxicity tests followed the ASTM (1993) standard guide for Antpelisca crbdirn. All 

test animals for March and September, 1994, tests were collected from San Francisco Bay by 

John Brezina Associates. All test animals for March, 1995, tests were obtained from East 

Coast Amphipod in Kingston, Rhode Island. Animals were shipped via overnight courier in 

one gallon polyethylene jars containing collection site sediment. If necessary, upon arrival at 

Granite Canyon, the amphipods were acclimated to laboratory conditions by adjusting salinity 

and temperature by no more than 10% and 2°C per day to 28% and 15" C. Alnpelisca holding 

time at MPSL varied. For the March, 1994, test, amphipods were tested the same day they 

arrived at the laboratory, so that they would not build tubes from which they would need to be 

removed for sorting prior to inoculation. For the September, 1994, test, amphipods were held 

at MPSL for 48 hours prior to inoculation into theqtest containers. Flooding during the March, 

1995, test interrupted vehicle access to the laboratory. Amphipods were received from the 

supplier at the residence of one of the investigators, where they were held at 16OC in aerated 

four-liter shipping containers with home sediment for 12 hours. The shipping containers were 

then carried in backpacks to MPSL, where the amphipods were adjusted to test salinity. The 

following day, after 24 hours holding at MPSL, they were inoculated into the test containers. 

One day prior to test initiation, each sediment sample was distributed into<five replicate one-liter 

glass beakers so that each contained 2 cm of sediment. Granite Canyon denwater, diluted with 

distilled water or spring water, was added to fill the container to the 700 ml mark. Overlying 

water salinity was either 28% or a salinity calculated to reach 28% after equilibration with the 

sedlment sample. The test sediment and overlying water were allowed to equilibrate for 24 h, 

then 20 amphipods were placed into each beaker along with 2 8 % ~  sea water to fill the test 

containers to the one-liter line. Test chambers were then gently aerated and continuously 

illuminated. 

Five replicates of each sample were tested for 10 days at 28% and 15°C. In addition, 5 

replicates of a negative control were tested with each set of samples. Sediments used in 

negative controls were either fine-grained sediment from thd As~pelisco collection site or 

medium-fine sand from the Eoltousroriits collection site. Amphipod emergence and visible 

survival were recorded daily. After 10 days, samples were sieved through, a 0.4 nim Nitex 

screen to recover the test animals, and the number of survivors was recorded for each replicate. 

Mean percent survival per sample was the test endpoint. 



Positive control reference tests were conducted concurrently with each sediment test using 

cadmium chloride as a reference toxicant. In these tests, amphipod survival was recorded in 

three replicates of four cadmium concentrations after a 96 h water-only exposure. A dilution 

water control consisting of one micron filtered Granite Canyon sea water was included in each 

reference toxicant test. 

3.5 Tests With The Amphipod Eohausrorius estuarius 

3.5.1 Homogenized Sedirnel~r 

The Eohausrorilrs tests followed ASTM (1993) standard guide for Eollaustorilrs estuarius. All 

Eohaustorius were obtained from Northwestern Aquatic Sciences in Yaquina Bay, Oregon. 

Animals were separated into groups of approximately 100 and placed in polyethylene boxes 

containing Yaquina Bay collection site sediment, then shipped on ice via overnight courier. 

Upon arrival at Granite Canyon, the amphipods were slowly acclimated to laboratory 

conditions by adjusting salinity and temperature by no more than 10% and 2°C per day to 28% 

and 15"C, except for April, 1995, tests, which were conducted at 15% and 15°C. Once 

acclimated, the animals were held for at least 48 h prior to inoculation into the test containers. 

One day prior to test initiation, each sediment sample was distributed into five replicate one-liter 

glass beakers so that each contained 2 cm of sediment. Granite Canyon seawater, diluted with 

distilled water or spring water, was added to fill the container to the 700 ml mark. The test 

sediment and overlying water were allowed to equilibrate for 24 h, then 20 amphipods were 

placed into each beaker along with 28%0 sea water to fill the test containers to the one-liter line. 

Test chambers were then gently aerated and continuously illuminated. 

Five replicates of each sanlple were tested for 10 days at 2 8 % ~  and 15°C. In addition, a 

negative control consisting'of five replicates of medium-fine sand from the amphipod collection 

site was included with each set of samples tested. Amphipod emergence and visible survival 

were recorded daily. After 10 days, samples were sieved through a 0.4 mm Nitex screen to 

recover the test animals. and the number of survivors was recorded for each replicate. 

3.5.2 Ir~tcicr Setlirllerlr Cores 

Eoliair.stot-ills tests utilizing intact sediment cores were conducted simultaneously viith 

homogenized sediment samples. Intact cores were collected from grab samples by inserting a 

7.5 cm diameter polycarbonate core tube to a depth of 10 cm (Figure 5). Core tubes were 

capped on both ends and transported to MPSL in coolers at 4°C. One day prior to test 

initiation, the space o\,erlying the sediment was filled with 28%~. water. Test sediment and 



overlying water were allowed to equilibrate for 24 h, then 20 amphipods were placed in each 

core tube. The remainder of the test followed the procedure used with homogenized samples. 

Negative controls were homogenized home sediment, the same as those used in the tests of 

homogenized sediment described above. 

3.5.3 Porewater 

Eohaustorius pore water tests were also conducted simultaneously with homogenized samples. 

Five amphipods were placed in each of five replicate loosely-covered 250 ml glass crystallizing 

dishes containing 50 ml porewater adjusted to 28%0. Addition of hypersaline brine or distilled 

water for salinity adjustment diluted pore water to concentrations ranging from 79 to 100% 

(Table 3). Test duration was 10 days. Fifty percent of the porewater was renewed every 96 

hours. Test containers were held in darkness and were not aerated. Survival was recorded at 

renewals and test termination. Granite Canyon seawater adjusted to 28%0 with distilled water 

was distributed into 5 replicate test containers to serve as negative controls. In tests where 

salinity adjustment of pore water samples was necessary, brine controls were included. Brine 

controls contained the same proportion of hypersaline brine as was used to adjust the lowest 

salinity sample (i.e.. the maximum brine concentration). 

Positive control reference tests using cadmium chloride were conducted concurrently with each 

Eoltcrustorirrs sediment or pore water test. In these tests amphipod survival was recorded in 

three replicates of four cadmium concentrations after a 96-h water-only exposure. A dilution 

water control consisting of 1 pm-filtered Granite Canyon sea water was included in each test. 

3.6 Mussel (M~.tilrr.~ edlrlis) Larval Development Tests 

The bay mussel (M\*tilrrs edrrlis) larval development tests were conducted on pore\vater 

samples. Details of the test protocol are given in ASTM (1993). A brief description of the 

method follows. 

Mussels were shipped via overnight courier from Carlsbad Aquafarms and held at Granite 

Canyon at ambient temperature ( I  I-13°C) and salinity (32-34%~) until testing. A few hours 

before test initiation, adult nlussels were transferred to 28% water heated to 23" to 25°C to 

induce spawning. Spawning adults were quickly transferred to 15°C water. Sperm and eggs 

were mixed in 2 8 % ~  ( 15°C) water to give a final sperm to egg ratio of 15 to 1 .  After 

approximately 30 minutes, fertilized eggs were rinsed on a 25 pm screen to remove excess 

sperm. and ernblyos 1tle1-e distributed to the test containers after approxin~ately 90% of the 

embryos exhibited first cell cleavage (approximately 1 hol~r). 



Test containers were polyethylene-capped, sea water-leached, 20 ml glass scintillation vials 

containing 10 ml of porewater (Hunt et al., 1998). Each test container was inoculated with 

approximately 250 embryos (25lml). Porewater samples were tested at 28 2 2% (15°C) . 
Low salinity samples were adjusted to 28% using hypersaline brine made from freezing 

seawater. High salinity samples were adjusted to 28% using distilled water. Addition of 

hypersaline brine or distilled water for salinity adjustment diluted pore water to concentrations 

ranging from 61 to 100% (Table 3). Negative controls consisted of one micron filtered Granite 

Canyon sea water adjusted to 28%. In tests where salinity adjustment of pore water samples 

was necessary, brine controls were included. Brine contro'ls contained the same proportion of 

hypersaline brine as was used to adjust the lowest salinity sample (i.e., the maximum brine 

concentration). A positive control reference test was conducted concurrently with each test 

using a dilution series of cadmium chloride as a reference toxicant. 

After a 48 h exposure period, larvae were fixed in 5% buffered formalin. All larvae in each 

container were examined under an inverted light microscope at 100x to determine the 

proportion of normally developed larvae as described by ASTM (1993). The percentage 

normally developed larvae was calculated as: 

Observed number of live normal larvae (x 1007~) 
Mean number of live embryos inoculated at start of test 

3.7 Sea Urchin (Stro~~,q~locerztrotlrs purpiratus) Larval Development 

3.7.1 Pore\t~nter 

The purple sea urchin (Stro~rgj~loc~'rztrot~rs ylrrpirrcrtus) larval development test was conducted 

on all pore\sfater sanlples. Details of the test protocol are given in Chapman et 31. (1995). Sea 

urchins were collected from the Monterey County coast near Granite Canyon and held at 

ambient seawater temperature and salinity until testing. Adult sea urchins were held in complete 

darkness to preserve gonadal condition. On the day of a test, urchins were induced to spawn in 

air by injection with 0.5 ml of 0.5 M KCI. Eggs and sperm collected from the urchins were 

mixed in seawater at a 500 to 1 sperm to egg ratio, and embryos were distributed to the 

test containers within one hour of fertilization. Test containers were polyethylene-capped, 

seawater-leached, 20 nll glass scintillation vials containing 5 rnls of porewater. Each test 

container \vas inoculated with approximately 150 embryos (301ml). Tests were conducted at 

ambient seawater salinity (32 - 3 4 % ~  + 2 % ~ ) .  Low salinity samples were adjusted to ambient 

salinity  sing hypersaline brine made from freezing seawater. Addition of hypersaline brine 

for salinity adjustment diluted pore water to concentrations ranging from 55 to 100% (Table 3). 



Figure 5. Sediment-Water Interface Exposure System. 
(After Anderson et al., 1996) 
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Laboratory controls were included with each set of samples tested. Negative controls consisted 

of one micron-filtered Granite Canyon sea water. In tests where salinity adjustment of pore 

water samples was necessary, brine controls were included. Brine controls contained the same 

proportion of hypersaline brine as was used to adjust the lowest salinity sample (i.e, the 

maximum brine concentration). A positive control reference test was conducted concurrently 

with each porewater test using a dilution series of copper chloride as a reference toxicant. 

After an exposure period of 72 to 96 hours, larvae were fixed in 5% buffered formalin. 

Unpublished data has indicated no loss of test sensitivity in 72 h exposures (n = 16 reference 

toxicant tests compared at MPSL). One hundred larvae in each container were examined under 

an inverted light microscope at lOOx to determine the proportion of normally developed larvae 

as described by Chapman et al. (1995). Percent normal development was calculated as: 

  umber of normallv developed larvae counted (x 100%) 
Total number of larvae counted 

3.7.2 Sedir)tenr/Wnter It~terface 
Sea urchin larval development was also assessed at the sediment water interface (Anderson et 

al., 1996). This was achieved by introducing embryos into a 37 prn screen tube placed 1 cm 

above the sediment surface within an intact sediment core titbe (Figure 5). Intact sediment 

cores were sampled in the same manner as was used for Eollniistorius amphipods tested in 

intact cores, described above. One day prior to test initiation, seawater at ambient salinity (33 

-+ 1 % ~ )  was added to fill the core tubes, and then screen tubes were added to the cores and the 

system was allowed to equilibrate for 24 hours. Urchin embryos were prepared as described 

above for pore water tests and added to the screen tubes. Each screen tube was inoculated with 

approxin~ately 250 embryos. Laboratory controls consisted of Yaquina Bay, Oregon. 

amphipod llonle sediment obtained from Northwestern Aquatic Sciences. 

After an exposure period of 72 to 96 hours, screen tubes were removed from the sediment 

cores, rinsed, and larvae were removed using a squirt bottle. Larvae were washed into 20 ml 

scintillation vials and fixed in 5% buffered formalin. One hundred larvae in each container 

were examined under an inverted light microscope at lOOx to determine the proportion of 

normally developed larvae as described by Chapman et al. (1995). Percent normal 

developnlent \!,as calculated as: 

Number of normallv developed larvae counted (x 100Gj 
Total number of larvae counted 



3.8 Tests With The Polycheate Nealttlles arerlaceode~ttara 

The Neantl~es test followed procedures described by the Puget Sound Estuary Program (PSEP, 

1991). Emergent juvenile Nearltlles arerloceoder~tata (2-3 week-old) were obtained from Dr. 

Don Reish of California State University at Long Beach, California. Worms were shipped in 

seawater in plastic bags at ambient temperature via overnight courier. Upon arrival at MPSL, 

worms were allowed to acclimate gradually to 28%0 with 2 % ~  daily incremental salinity 

adjustments at a temperature of 20" C. Once acclimated, the worms were maintained for at least 

48 hours, and no longer than 10 days, before the start of a test. 

The test design was similar to that described for the amphipods. One day prior to test 

initiation, each sediment sample was distributed into five replicate one-liter glass beakers so 

that each contained 2 cm of sediment. Granite Canyon seawater, diluted to 28% with distilled ' 

water or spring water, was added to fill the container to the 700 rnl mark. The test sediment 

and overlying water were allowed to equilibrate for 24 h, then five worms were placed into 

each beaker along with 28% sea water to fill the test containers to the one-liter line. Test 

chambers were then gently aerated and continuously illuminated during the 20-day test period. 

Worms were fed TetraMinO every 2 days, and overlying water was renewed every 3 days. 

After 20 days, sanlples were sieved through a 0.5 rnrn Nitex screen, and the number of 

surviving worms was recorded. Surviving worms from each replicate were wrapped in a piece 

of pre-weighed aluminum foil, and placed in a drying oven (60°C) until they reached constant 

weight (48 h). Each foil packet was then cooled in a desiccator and weighed to the nearest 

0.1 mg. Worm survival and mean weight/worm for each replicate was calculated as follo\\.s: 

Percent worm survival = Number of surviving worms (x 100%) 
Initial number of worms 

Mean weight/worm = Total weight - foil weight (x 100%) 
Initial number of worms 

Positive control reference tests using cadmium chloride were conducted concurrently with each 

sediment test. In these tests, worm survival was recorded in three replicates of four cadmium 

concentrations after a 96-h water-only exposure. A dilution water control consisting of 1 pm- 

filtered Granite Canyon sea water was included in each test. 



3.9 Tests With The Leptostracan Crustacean Nebalia pugettensis 

This test has not been previously evaluated, but this organism was employed because of its 

potential tolerance to high levels of ammonia and hydrogen sulfide (unpublished data). Tests 

utilizing Nebalin pugettertsis followed the ASTM (1993) standard guide for the marine 

amphipod Rhepoxjnius abronius. Test organisms were obtained from the tidal mud flats in 

Elkhorn Slough near Moss Landing, California. Animals were held at ambient water 

temperature and salinity at the Moss Landing Marine Laboratories until test initiation. Sediment 

sample preparation, test initiation, and test termination were as previously described for the 

amphipods, except that emergence data were not collected, since the animals tend to hover at 

the sedimendwater interface in their natural habitat. Nebalia tests were conducted at 15OC in 

28% water. Sediment controls consisted of the Moss Landing beach sand that was used as a 

culture medium for the organisms. 

Positive control reference tests were conducted concurrently with each sediment test using 

cadmium chloride as a reference toxicant. .In these tests, survival was recorded in three 

replicates of four cadmium concentrations after a 96 h water-only exposure. A dilution water 

control consisting of one micron filtered Granite Canyon sea water was included in each test. 

3.10 Toxicity Identification Evaluations (TIEs) 

Toxicity identification evaluations (TIEs) were conducted using sea urchin larvae as the 

detector species on samples from four sites: Marconi Cove (Tomales Bay), Islais Creek, China 

Basin, and Guadalupe Slough. Methods for TIEs are presented in a separate report (Hansen 

and Associates, 1996). 

4.0 TRACE METALS ANALYSIS OF SEDIMENTS 

4.1 Summary Of Methods 

Trace Metals analyses were conducted at the California Department of Fish and Game's Trace 

Metal Analytical Facility at Moss Landing, CA. Table 4 indicates the trace metals analyzed and 

lists method detection limits for sediments. 



4.2 Analytes And Detection Limits 

Table 4 - Trace Metal Detection Limits in Sediments. 

Trace Element Detection Limit 
(ug lg .  drv weight) 

Aluminum 1 
Antimony 0.1 
Arsenic 0.1 
Cadmium 0.0 1 
Chromium 0.1 
Copper , . 1 .O 
Iron 0.1 
Lead 0.1 
Manganese 0.05 
Mercury 0.03 
Nickel 0.1 
Selenium 0.2 
Silver ' , 0.01 
Tin 0.02 

0.02 Tributyltin 
Zinc 0.05 

4.3 Sediment Digestion Procedures 

A one gram aliquot of sediment was placed in a pre-weighed Teflon vessel, and one rnl of a 

concentrated 4: 1 nitric:perchloric acid mixture was added. Vessels were capped and heated in a 

vented oven rtt 130' C for four hours. Three ml of hydrofluoric acid were added to the vessel, 

recapped and returned to the oven overnight. Twenty nzl of 2.5% boric acid were added to the 

vessel and placed in the oven for an additional 8 hours. Weights of the Teflon vessel and 

solution were recorded, and the solutich was poured into 30 rnl polyethylene bottles. 

4.4 Atonlic Absorption Spectrometry Methods 

Samples were analyzed by furnace AA on a Perkin-Elmer Zeeman 3030 Atomic Absorption 

Spectrophotorneter, with an AS60 auto sampler, or a flame AA Perkin Elmer Model 2280. 

Samples. blanks, matrix modifiers, and standards were prepared using clean techniques inside 

a clean laboratory with positive pressure air filtration. ASTM Type I1 water and ultra clean 

chemicals were used for all standard preparations. All elements were analyzed with platforms 

for stabilization of temperatures. Matrix modifiers were used when components of the matrix 

interfered with adsorption. The matrix modifier was used for Sn, Sb and Pb. Continuing 

calibration check standards (CLC) were analyzed with each furnace sheet, and calibration 

curves were run with three concentrations after every 10 samples. Blanks and standard 

reference materials. MESS 1 ,  PACS, BCSS 1 or 1646 were analyzed with each set of samples 

for sediments. 



5.0 TRACE ORGANIC ANALYSIS OF SEDIMENTS (PCBS. PESTICIDES. AND P A H S ~  

5.1 Summary Of Methods 

Analytical sets of 12 samples were scheduled such that extraction and analysis would occur 

within a 40 day window. The methods employed by the UC Santa Cruz Trace Organics 

Analytical Facility were modifications of those described by Sloan er al. (1993). Tables 5, 6. 

and 7 indicate the pesticides, PCBs, and PAHs analyzed and list method detection limits for 

sediments on a dry weight basis. 

5.2 Analytes And Detection Limits 

Table 5. Organochlorine Pesticides Analyzed and Their Detection Limits (nglg dry weight) 
in Sediment. 

Corn~ound 
Aldrin 
cis-Chlordane 
trans-Chlordane 
alpha-Chlordene 
gamma-Chlordene 
Chlorpyrifos 
Dacthal 
o,p'-DDD 
p.pl-DDD 
o,p'-DDE 
p.pt-DDE 
p,p'-DDMS 
p,p'-DDMU 
o,pl-DDT 
p,pl-DDT 
p,p'-Dichlorobenzophenone 
Dieldrin 
Endosulfrin I 
Endos~~lfan I1 
Endosulfan sulfate 
Endrin 
Ethion 
alpha-HCH 
be ta-HCH 
gamma-HCH 
del ta-HCH 
Heptachlor 
Heptachlor Epoxide 
Hesachlorobenzene 
Methoxychlor 
Mirex 
cis-Nonachlor 
tl-ans-Nonachlor 
Oxadiazon 
Oxychlordane 
Toxaphene 

Detection Limit 
0.5 



Table 6. Pentachlorobiphenyls (PCB) Congeners Analyzed and Their.Detection Limits"' 
in Sediment. . , 

NIST List of PCB Congeners 
PCB Congener 8 
PCB Congener 18 
PCB Congener 28 
PCB Congener 44 
PCB Congener 52 
PCB Congener 66 
PCB Congener 87 : 
PCB Congener 10 1 
PCB Congener 105 
PCB Congener 1 18 

Additional Congeners: 
PCB Congener 5 
PCB Congener 15 
PCB Congener 27 
PCB Congener 29 
PCB Congener 3 1 
PCB Congener 49 
PCB Congener 70 
PCB Congener 74 
PCB Congener 95 
PCB Congener 97 
PCB Congener 99 
PCB Congener 1 10 
PCB Congener 132 

PCB Congener 128 ' 

PCB Congener 138 
PCB Congener 153 
PCB Congener 170 
PCB Congener 180 
PCB Congener 187 
PCB Congener 195 
PCB Congener 206 
PCB Congener 209 

PCB Congener 137 
PCB Congener 149 
PCB Congener 15 1 
PCB Congener 156 
PCB Congener 157 
PCB Congener 1158 
PCB Congener 1174 
PCB Congener 177 
PCB Congener 183 
PCB Congener 189 
PCB Congener 194 
PCB Congener ,20 1 
PCB Congener 203 

*All individual PCB Congener detection limits were 1 ng/g dry weight. 

Aroclors: 
Aroclor 5460 

Detection Limit ' , 

50 

Table 7. Polycyclic Aromatic Hydrocarbons (PAH) Analyzed and Detection 
Limits in Sediment. 

Compound Detection Limit 

Naphthalene ' 

2-Methylnaphthalene 
1 -Methylnaphthalene 
Biphenyl 
2,6-Dimethylnaphthalene 
Acenaphthylene 
Acenaphthene 
2,3,5-Trimethylnaphthalene 



Table 7 (Continued). Polycyclic Aromatic Hydrocarbons (PAH) Analyzed 
and Detection Limits in Sediment ; 

Con~pound Detection Limit 

Fluorene 
Phenanthrene 
An thracene 
I -Methylphenanthrene 
Fluoranthrene 
Pyrene 
Benz[a]anthracene 
Chrysene 
Benzo[b]fluoranthrene 
Benzo[k]fluoranthrene 
Benzo[e]pyrene 
Benzo[a]pyrene 
Perylene 
Indo[l,2,3-cdlpyrene 
Dibenz[a,h]anthracene 
Benzo[ghi]perylene 

5.3 Extraction And Analysis 

Samples were removed from the freezer and allowed to thaw. A 10 gram sample of sediment 

was removed for chemical analysis and an independent 10 gram aliquot was removed for dry 

weight determinations. The dry weight sample was placed into a pre-weighed aluminunl pan 

and dried at 110°C for 24 hours. The dried sample was reweighed to determine the sanlple's 

percent moisture. The analytical sample was extracted 3 times with methylene chloride in a 

250-mL amber Boston round bottle on a modified rock tumbler. Prior to rolling, sodium 

sulfate, copper, and extraction surrogates were added to the bottle. Sodium sulfate dehydrates 

the sample allowing for efficient sediment extraction. Copper, which was activated with 

hydrochloric acid, con~plexes free sulfur in the sediment. 

After combining the three extraction aliquots, the extract was divided into two portions, one for 

chlorinated hydrocarbon (CH) analysis and the other for polycyclic aromatic hydrocarbon 

(PAH) analysis. 

The CH portion was eluted through a silica/alumina colunm, separating the analytes into two 

fractions. Fraction 1 (FI)  was eluted with 1 % methylene chloride in pentane and contains > 
90% of p,pt-DDE and < 10% of p,pl-DDT. Fraction 2 (F2) analytes were eluted with 100% 

methylene chloride. The two fractions were exchanged into hexane and concentrated to 500 pL 



using a combination of rotary evaporation, controlled boiling on tube heaters, and dry nitrogen 

blow downs. 

.I F1 and F2 fractions were analyzed on Hewlett-Packard 5890 Series gas chromatographs 

utilizing capillary columns and electron capture detection (GCECD). A single 2 pl splitless 

injection was directed onto two 60m x 0.25mm i.d. columns of different polarity (DB- 17 & 

DB-5; J&W Scientific) using a glass Y-splitter to provide a two dimensional confirmation of 

each analyte. The lowest obtained values are reported. Analytes were quantified using internal 

standard methodologies. The extract's PAH portion was eluted through a silicalalumina 

column with methylene chloride. The collected PAH fraction was exchanged into hexane and 

concentrated to 250 pL in the same manner as the CH fractions. 

6.0 TOTAL ORGANIC CARBON (TOC) ANALYSIS OF SEDIMENTS 

6.1 Summary Of Methods 

This procedure uses an elemental analyzer to determine the amount of total organic carbon in 

sediments. Samples were placed in vials and treated with IN  HCL to decompose all carbonate. 

Treated samples were centrifuged for 15 minutes and supernatant decanted. Vials containing 

san~ples were filled with deionized water. vortexed, centrifuged, and pH checked until pH was 

between 6 and 7.  Samples were dried at less than 55°C until completely dry (approximately 3 

days). Dried sediments were homogenized in a ball mill, and weighed into alun~inum sleeves 

(1-5 mg) to the nearest 1 pg. Sediments were analyzed for total organic carbon by use of a 

Control Equipment Corp. Model 440-XA Elemental Analyzer. 

6.2 Sample Preparation 

Samples were homogenized thoroughly by stirring with a clean stainless steel spatula. 

Approximately 10 ml of subsamples to be analyzed were placed in sterile 20 ml polyethylene 

scintillation vials. The subsample was as representative as possible. Spatulas used to stir and 

transfer sediment to vials were washed with deionized water and wiped dry with Kimwipes 

between samples. Approximately 8 ml 1N HCL were added and mixed with the sample. 

Samples were vortexed and centrifuged at 2850 rpm for 20 minutes. The pH of the sample 

was checked and the supernatant was decanted. The sample was washed repeatedly with 

deionized water and centrifuged until pH was between 6 and 7. Samples were dried in a 

drying oven at 55" C or less until completely dry (about three days). Two clean 114 inch 

stainless steel ball bearings were placed into vials containing the samples, and samples were 

homogenized in a ball mill for about 15 minutes until they were of even particle size. One to 

five nig of treated sediments were weighed into aluminum sleeves to the nearest 1 pg. Then, 



sleeves were crimped. with forceps and placed in nickel sleeves in the combustion ivheel of the 

elemental analyzer. 

6.3 TOC Analysis 

TOC was determined through the standard operating procedure of the Model 240-XA elemental 

analyzer. Built-in software in the computer interfaced to the analyzer was used to compute 

carbon content of the samples. 

7.0 GRAIN SIZE ANALYSIS OF SEDIMENTS 

7.1 Summary Of Methods 

These procedures used sieve, hydrometer, and microscopic techniques to determine particle 
/ 

size of sediment samples. 

7.2 Sample Splitting And Preparation 

Samples were thawed and thoroughly homogenized by stirring with a spatula. Spatulas were 

rinsed of all adhering sediment between samples. Size of the subsample for analysis was 

determined by the sand/silt ratio of the sample. During splitting, the sandlsilt ratio was 

estimated and an appropriate sample weight was calculated. Subsamples to be analyzed were 

placed in clean. pre-weighed beakers. Debris was removed and any adhering sediment was 

washed into the beaker. 

7.3 Wet Sieve Analysis (Separation Of Coarse And Fine Fraction) 

Beakers were placed in a drying oven and sediments were dried at less than 55°C until 
I 

completely d1-y (approximately three days). Beakers were removed from the drying oven and 

allowed to equilibrate to soon1 temperature for a least a half-hour. Each beaker and its contents 

were weighed to the nearest 0.01 g. This weight minus the empty beaker weight was the total 

sample weight. Sediments in beakers were disaggregated using 100 ml of a dispersant solution 

in water (such as 50 g Calgon/L water) and the sample was stirred until completely mixed and 

all lumps disappeared. The amount and concentration of dispersant used was recorded on the 

data sheet for each sample. Sample beakers were placed in an ultrasonic cleaner for 15 minutes 

for disaggregation. Sediment dispersant slurry was poured into a 63 pm (ASTM #230,4 phi) 

stainless steel or brass sieve in a large glass funnel suspended over a 1L hydrometer cylinder 

by a ring stand. and all fine sediments were washed through the sieve with water. Fine 

sediments were captured in a 1L hydrometer cylinder. Coarse sediments remaining in sieve 

were collected and returned to the original sample beaker for quantification. 



7.4 Dry Sieve Analysis (Coarse Fraction) 

The coarse fraction was placed into a preweighed beaker, dried at 55" to 65"C, allowed to 

acclimate, and then weighed to 0.01 g. This weight, minus the empty beaker weight, was the 

coarse fraction weight. The coarse fraction was poured into the top sieve of a stack of ASTM 

sieves having the following sizes: No. 10 (2.0 mm), 18 (1.0 mm), 45 (0.354 mm), 60 (0.25 

mm), 80 (0.177 mm), 120 (0.125 mm), and 170 (0.088 rnrn). The stack was placed on a 

mechanical shaker and shaken at medium intensity for 15 minutes. After shaking, each sieve 

was inverted onto a large piece of paper and tapped 5 times to free stuck particles. The sieve 

fractions were added cumulatively to a pretared weighing dish, and the cumulative weight after 

each addition determined to 0.01g. The sample was returned to its original beaker, and saved 

until sample computations were completed and checked for errors. 

7.5 Hydrometer Analysis (Fine Fraction) 

Hydron~eters used for the analysis were precalibrated using the techniques of Lewis (1984). A 

reference cylinder was filled with water and 100 ml of dispersant solution. Prior to the 

analysis, a hydrometer reading was taken for Cc, the conlposite correction for temperature, 

dispersing agent, and the meniscus. 

I 

For each of the sample cylinders, the volume was raised to 1000 rnl using tap water. The 

hydrometer number was recorded, the temperature was noted, and the sample added and stirred 

for 1 minute. 

Hydrometer readings were taken at 1 minute, 3 minutes, 10 minutes, 30 minutes, 90 minutes, 

4.5 IIOLISS and 24 hours. If the water temperature had changed by greater than 2°C then 

hydrometer corrections were remeasured. The colloidal weight was determined by subtracting 

the other fractions from the total weight. 

7.6 Analytical Procedures 

Fractional weights and percentage.s for, various particle size fractions were calculated. If only 

wet sieve analysis was used, weight of fine fraction was computed by subtracting coarse 

fraction from total sample weight, andpercent fine composition was calculated using fine 

fraction and total sample weights. If dry sieve and hydrometer analysis was employed as well, 

fractional weights and percentages for sieve and hydrometer fractions were calculated using 

custon~ soft\vare on a Macintosh computer. Calibration factors for each hydrometer were pre- 

stored in the compute~.. 



7.7 Microscopic Descriptive Analysis Of Particle Configurations 

Two small (- 1 ml) subsamples of sediments from undisturbed cores were prepared by 

saturation with alcohol and gentle disaggregation and examined under a dissecting scope at 25 - 

40 magnification. Notable features were then assigned one of the following abundance 

categories (in increasing order of abundance): absent, very rare, rare, common, abundant, 

very abundant. Samples were sorted on the following categories: fecal pellets (- 0.1, 0.2, 

0.3, >0.4 mm), diatoms (chains and centric), plant material, worm tubes, shell fragments, 

foraminiferans. These observations were tabulated to assist in the interpretation of possible 

sediment grain size effects on infaunal organisms in the toxicity tests. 

8.0 ANALYSIS OF BENTHIC COMMUNITIES 

8.1 SUMMARY OF METHODS 

Investigators from the San Francisco Estuary Institute (SFEI), the Department of Water 

Resources, and the City and County of San Francisco participated in a cooperative study in 

which sediment samples from three candidate reference sites were analyzed to determine 

benthic community structure (SFEI, 1997). Paradise Cove and the two San Pablo Bay sites 

were samples over a three year period using a 0.05 m2 Ponar Grab. Sediments from the grab 

samples were sieved through a 0.5 mni screen to remove benthic macrofauna, which were 

preserved and identified to the lowest practical taxon. Classification analysis (Smith et a]., 

1988) was used to determine how species composition and abundance from candidate reference 

sites compared with those of 124 other samples collected from around the Bay/Delta. Analyses 

based on numbers of species and individuals at each station (rather than formal diversity 

indices) are described in greater detail by SFEI ( 1997). Additional analyses were conducted 

based on identifying species and higher taxonomic groups characteristic of impacted and non- 

impacted sediments. These anayses are described further in SFEI (1997). 

9.0 QUALITY ASSURANCEIOUALITY CONTROL , 

9.1 summary 

Summaries of quality assurance and quality control procedures were described under separate 

cover in the Bay Protection and Toxic Cleanup Program Quality Assurance Project Plan 

(Stephenson et a]., 1994). That document described procedures within the program which 

were in place to ensure data quality and integrity. In addition, individual laboratories prepared 

quality assurance evaluations of each discrete set of samples analyzed and authorized by task 

order. These documents were submitted to the California Department of Fish and Game for 

review, then forwarded to the State Water Resources Control Board. Data quality is described 

in the Results section of this report. 



10.0 STATISTICAL ANALYSIS 

10.1 Summary Of Methods 

Analyses were performed to determine the statistical significance of relationships between 

sediment toxicity test results, contaminant concentrations, and various natural factors at 

reference sites. Descriptive statistics and graphics were used to present toxicity data from 

reference and test sites to assist in the evaluation of test performance and reference site 

selection. Toxicity data from reference sites were also used to calculate tolerance limits to be 

used as a relative standard against which to compare toxicity data from test sites. 

10.2 Determining Significant Relationships 

Spearman rank correlations were used to evaluate the statistical significance of associations 

between sediment toxicity test results, contaminant concentrations, and various natural factors 

at reference sites. Toxicity data were analyzed in relation to synoptic measurements of 

sediment grain size, TOC, trace metal and trace organic contaminant concentrations, and in 

relation to ammonia and hydrogen sulhde measured during the toxicity tests, as described in 

Sections 2.1 and 2.2. 

10.3 Descriptive Statistics 

10.3.1 Cl~errliccrl Dtrllr 

The degree of chemical contamination at each site was characterized by averaging ERM and 

PEL quotients. ERM (Effects Range Median) and PEL (Probable Effects Level) values have 

been derived for 32 chen~icals or chemical classes by examining a large number of previous 

studies to determine associations between chemical concentrations and adverse biological 

effects (Table 8). The derivation and application of ERM and PEL values have been previously 

described (Long et al., 1995, 1998; McDonald, 1994). These studies have indicated that 

adverse biological effects are probable when chemical concentrations in test sediments are 

higher than the ERM or PEL values. Concentrations of these chemicals measured in samples 

from the present study were divided by their respective ERM or PEL values to derive ERM or 

PEL quotients for each chemical. ERM and PEL quotients for all available chemicals were then 

averaged to give a relative measure of o\.erall pollution at each site. 



Table 8. Sediment Chemistry Guidelines' : 

Developed by NOAA and the State of Florida 

State of Florida (1) 
SUBSTANCE TEL PEL 

Organics (uglkg- dry weight) 

Total PCBs 21.550 188.79 

PAHs 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-methylnaphthalene 
Naphthalene 
Phenanthrene 
Total LMW-PAHs 

Benz(a)anthracene 74.830 692.53 
Benzo(a)pyrene 88.810 763.22 
Chrysene 107.710 845.98 
Dibenz(a, h)anthracene 6.220 134.61 
Fluoranthene 112.820 1493.54 
Pyrene 152.660 1397.60 
Total HMW-PAHs 655.340 6676.14 

Total PAHs 1684.060 16770.54 

Pesticides 
p,p'-DDE 
p,p'-DDT 
Total DDT 
Lindane 
Chlordane 
Dieldr~n 
Endrin 

Metals (mglkg- dry weight) 

Arsenic 
Antimony 
Cadmium 
Chromium 
Copper 
Lead 
~ e r c u r ~  
Nickel 
Silver 
Zinc 

NOAA (2) 
ERL ERM 

(I ) D.D. MacDonald, 1994 

(2) Long et al , 1995 



Figure 6. Schematic illustration of the reference envelope method for calculating 
tolerance limits. The tolerance limit in this illustration is the point at which there is . 

95% certainty that lower values are as low or lower than the 10th percentile of the 
reference site distribution of toxicity test results. 
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10.3.2 Toxicity Data 

Toxicity data were analyzed by station and by site. Station means were derived from laboratory 

replicates of each individual sample.   here were t,hree, stations (= field replicates) sampled at 

each bite. Site means were derived from the three station means at each site. Individual station 

and site mean values were calculated for each sampling event (Tables 1 and 2). 

To allow equitable comparisons of toxicity data among sampling events, all mean toxicity 

values were normalized to the negative laboratory control values for each se'ries of tests. 

Samples tha; were salinity-adjusted were normalized to brine controls. To normalize sample 

mean toxicity values, they were simply divided by the mean value from the corresponding 

laboratory control and presented as a percentage of the control. These normalized toxicity data 

were used in all subsequent analyses. 

10.4 Toxicity Con~parisons Using the Reference Envelope Approach 

10.4.1 The Basic Tolerance Limit Coizcept for Toxicity Data 

One of the primary objectives of the Bay Protection and Toxic Cleanup Program (BPTCP) is 

the identification of specific areas of water and sediment quality concern, where adverse 

biological impacts are observed in areas with locally elevated concentrations of pollutants. 

Identification of problem sites is an essential step in prioritizing efforts to improve sediment 

and water quality through regulation and cleanup programs. The BPTCP efforts are focused on 

localized areas that are significantly more toxic than the larger  surrounding^ area of the water 

body. In this study, we have employed a "reference envelope" statistical approach (Smith, 

1995) to make such a distinction in San Francisco Bay. 

The reference envelope approach uses data from "reference sites" to characterize the response 

expected from sites in the absence'of severe localized pollution. Using data from the reference 

site population, a tolerance limit is calculated for comparison with data from test sites. Samples 

with toxicity values greater than the tolerance limit are considered toxic relative to the optimal 

ambient condition of the Bay. 

The tolerance limits were calculated using station data (from individual field replicates at a site) 

rather than site data (means of field replicate stations from within a site), because it was 

anticipated that the tolerance limits would be used for comparison with individual samples 

(rather than field replicate means) from test sites. 
I 



Tolerance limits were calculated using reference site data collected during this study, and 

additional tolerance limits were calculated using an expanded data set. This expanded data set 

included data from this study, plus data from the same reference sites sampled during BPTCP 

screening surveys of San Francisco Bay, plus data from additional sites sampled for the SF 

Bay Regional Monitoring Program (RMP) that could potentially be used as reference sites. 

The BPTCP screening studies produced 1 1 additional data points for Eohausrorius tests in 

homogenized sediment, eight additional data points for sea urchin larvae tested in pore water, 

and four additional data points for sea urchin larvae tested at the sediment-water interface. The 

additional RMP sites were Pinole Point (RMP site BD30) in San Pablo Bay, Horseshoe Bay 

(RMP site BC2 1) in Central San Francisco Bay, and San Bruno Shoal (RMP site BB 15) in 

South San Francisco Bay. The location and description of these sites is given by SFEI (1997). 

These RMP sites produced three, seven and six additional data points, respectively, for 

Eokaustor-ius tests in homogenized sediment 

This relative standard established using reference sites is conceptually different from what 

might be termed the absolute standard of test organism response in laboratory controls. Rather 

than comparing sample data to control data using t-tests, with laboratory replication used to 

characterize the variance component (e.g., Schimmel et al., 1994), the reference envelope 

approach compares sample data against a percentile of the reference population of data values, 

using variation among reference sites as the variance component. The reference envelope 

variance component, therefore, includes variation among laboratory replicates, among field 

replicates, among sites, and among sampling events. 

The reference stations are assumed to be a random sample from an underlying population of 

reference locations that serve as a standard for what we consider non-impacted conditions. The 

toxicity measured at different reference locations will vary due to the different local conditions 

that can affect the toxicity results. In order to determine whether sediments from a test location 

are toxic, we compare the bioassay results for the test location with the bioassay results from 

the population of reference locations. 

If we assume that the toxicity results from the population of reference locations are normally 

distributed, then we can estimate the probability that the test sediment is from the linderlying 

reference station distribution. For example, if the result for a test sediment was at the tenth 

percentile of the underlying reference location distribution (in the direction of toxicity), then we 

would know that there was about a 10% chance that the test sediment was from the distribution 

of reference locations. 



However, we do not know the exact toxicity level at the tenth percentile of the reference 

distribution because we only have limited samples from the underlying distribution. We can 
.. only estimate where the tenth percentile lies. If we were to estimate the value of the tenth 

percentile a large number of times using different random samples from the reference 

distribution, we would obtain a (non-central t) distribution of estimates, with the distribution 

mode at the actual tenth percentile (Figure 6). In Figure 6, it can be seen from the distribution 

of estimates that about one half of the time the estimate from the sample will be above the actual 

tenth percentile. Ideally, we would like to identify an estimated toxicity value that would cover 

the actual tenth percentile for a large percentage of the estimates (say 95% of the time). We can 

obtain such a value from the left tail of the distribution of estimates where 5% of the estimates 

are less than the chosen value. We define "p" as the percentile of interest, and alpha as the 

acceptable error probability associated with an estimate of the pth percentile. Thus, in our 

example, p=  10 and alpha = 0.05. 

The following tolerance limit calculation is valid for studies in which there is a single source of 

variance, and the calculation utilizes a variance term refered to as the "naive variance." We can 

compute the toxicity level that will cover the pth percentile 1 minus alpha proportion of the time 

as the lower bound (L) of a tolerance interval (Vardeman, 1992) as follows: ' 

where Xr is the mean toxicity result from the sample of reference s t a t i o n s , ' ~ ~  is the standard 

deviation of the toxicity results anlong the reference stations, and n is the number of reference 

stations. The g values can be obtained from tables in Hahn and Meeker (1991) or Gilbert 

(1987). "S" contains the within- and between-location variability expected among reference 

l~cations. If the reference stations are sampled at different times. then S wi~l'also.incorporate 

between-time variability. 

We call L the "edge of the reference envelope" because it represents a cutoff toxicity level we 

will use to distinguish toxic from non-toxic sediments (Figure 6). The value used for p, and the 

resulting tolerance limit L, will depend on the level of certainty needed for a particular 

regulatory situation. In this study we choose multiple p values for evaluation of the n~ethod. 



10.4.2 Conll~uration of Pctrtl~netric Tolerance Lirpits with Mlrltiple Soiir-ces of Varirrnce 

The tolerance limit calculations described in Section 10.4.1.1 above are valid for studies in 

which there is a single source of variance. For the present study, and for most sediment 

monitoring study designs, there are four pertinent sources of random variance affecting a single 

measurement: variance due to time (sampling event), space (station), time by space interaction, 

and error (within time-space replicate variance). In terms of an ANOVA model, time and 

station are considered crossed main factors, and are treated as random factors since we wish to 

generalize the results to the larger pclpulation of all possible sampling events and stations in 

reference locations of the Bay. Presently, there are no methods available in the statistical 

literature for computing tolerance limits with such a model. This is probably due to the fact the 

distributional theory on the variance components for a crossed random model is lacking (Searle 

et al., 1992). Davis (1994) discusses using tolerance limits with a similar statistical model, but 

provides no guidance on how the method can be applied to actual data. 

In such situations where computational formulae are not available for an inferential approach, 

bootstrap simulation methodology can be applied (Efron and Tibshirani, 1993). To compute 

the tolerance limits for the present study, we applied a parametric bootstrap method that 

simulates the sampling process, starting with population mean and variance components 
estimated from the study data. Using bootstrapping techniques, we generated values for Kptor, 

which is the bootstrap analog to the g statistic in formula ( I )  in the previous section. This 

value is then inserted into the previous formula to generate tolerance limits for applications 

where' multiple sources of variance affect each measurement: 

where, as before, Xr is the mean toxicity result from the sample of reference stations, Sr is the 
standard deviation of the toxicity results among the reference stations, and K p , ~  is oblained by 

using bootstrapping techniques described below. 



10.4.2.1 Boo/strapping Procedures For Deriving K,,., Vallres . . 

The method described below for computing K,,,, requires the estimations of the population 

variance components and the mean. The method used for variance component estimation was the 

Henderson Method I estimators for a 2-way crossed random model (Searle et a].. 1992, p. 434). 

This model is appropriate for unbalanced designs and can be rapidly con~puted (as is required for 

the proposed intense simulation approach). For the present application, variance components 

were estimated for survey and station (main factors), survey by station interaction, and error. 

The population mean was estimated as the arithmetic average of all the data values. In all 

calculations, surveys d t h i n  two months of each'other were considered the same survey. This 

procedure reduced the number of empty cells in the analysis. 

A parametric bootstrap method (Efron and Tibshirani, 1993) was used to compute the K,,,, values 

in formula (2). The algorithms used to compute K,,:,'are described in Figures 7 and 8. The 

symbols used in the Figures 7 and 8 are defined in the accompanying ~kgend. 

Given initial estimates of the population mean and variance components, Algorithm A (Figure 7) 

could be used to estimate a value for K,.,, . This algorithm is similar in concept to the algorithm 

used by Davies and Gather (1 993) to compute a constant (such as K,, a ) for a robust outlier 

detection technique that is in principle very silililar to a tolerance interval. In general. algorithm A 

first con~putes a target P"' quantile value from the initial mean and variance component estimates. 

Note that the population standard deviation (SD) is the square root of sum of tlie indi~idual 

variance components (Davis, 1994). Next, again using the initial means and variance component 

estimates. n~ultiple sets of simulated data are produced (details of the data simulation process are 

given in the next section). For each set of simulated data, a population mean and standard deviation 

are estimated ( f i ,  and 6,) .  Finally, given the multiple sets of simulated means and standard 

de\iations, a K value is found such that the resulting bounds cover the target quantile value for a 1 - 

a,, proportion of tlie siniulations. 

I f  tlie original sur\,ey data are used to estimate the initial means and variance components for 

algoritllni A. simulations sho~v that the resulting K will tend to produce co\.erage of the P"' quantile 



of the parent population at a rate lower than the desired 1 -a (or the rate of non-coverage \j i l l  be 

greater than a ) .  Bootstrap calibration (Efron and Tibshirani, 1993) can be used to pro\-ide an 

adjustment for producing a coverage closer to the desired level. Here bootstrap calibration involves 

bootstrapping bootstrapped results to estimate the actual coverage associated with a particular 

a,, value. If the coverages for a series of a, values is computed, then the K value for the a ,  where 

the actual coverage is approximately equal to I -a can be used instead of the K value for a. 

Legend. Definitions of symbols used in Figures 7 and 8. 

Symbol Definition 
"" ". ....... .. 

P P value used for K,,,, in all algorithms 

(P> 0.5 in simulations - note: K ,,,, = K ,-,,,, ) 

f f , r . f f ,  a value used for K,,,, in algoritllms a and b, respectively 

,f Number of random factors in statistical model 

a\ Simulation counter used within each algorithm 

s o  , s h  Number of simulations in sin~ulation loop for algorithms a and b, respectively 
- 7  - 7  

a,, a,, Initial estimate of variance component for random factor i in algorithms 0 and b, 

respecti~rely (i=l to.fi 

e:, Estimate of variance co~nponent for random factor i for simulatio~~ s (i=l to f i  

a; Variance component for random factor i (i=I to-fi 

6 ,  Estimate of population standard deviation for simulation 5 

b,, - ilh Initial estimate of population mean for algoritluns a and b, respecti\lel!f 
- 
P ,  Estimate of population mean for simulation s 

z p  P'" quantile of the N(0,l) standard normal distribution 

o,, O h  
Estimate of the P'" quantile given the initial mean and variance estimates in 

algoritlln~s a and b. respectively 



Figure 7. Flow chart for the initial calculation of K,,,, . 
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Figure 8. Flow chart for K,,., calibration. 
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The calibration process (algorithm B) is described in Figure 8. First a target P"' quantile value 

( i), ) is computed from initial estimates of population mean and variance components. Then 

multiple sets of data are simulated from the initial mean and variance components. For each set of 

simulated data, K values for a series of a values ( a ,  ( j  = I to J) ) are computed using algorithm A. 

AAer completion of the simulation loop (s=l to Sa), the K, value associhted with each a ,  is 

computed as the mean of the Kg values over a11 simulations. Finally, the coverage of the target P" 

quantile is computed for each a,  . The K, associated with the (non)coverage (e, ) closest to a is the 

K value to use in formula (2). Note that the series of a ,  values are on]? less than or equal to a. 

This is to prevent any calibration that might lead to even lower coverage than that associated with a. 

10.4.2.2 Dnru Simulation 

Both algoritluns in\folve generating data from an overall mean and a set of four variance 

components. The respective variance components are for sun.ey (6:,,,', ). station (6;,l,,, ), sunfey by 

station interaction (i?:,,,,, ). and error (6:rr,,, ) This section briefly describes how the data are 

generated fro111 the mean and variance components. 

A multivariate random normal generator (Jolmson, 1987) is used to produce cell means in the 

san~pling design. For a simulation, let A4 be a i7, s n, nlatris of cell means for the crossed design. 

\\.here 1 1 ,  = # stations and n, = # surveys. If 171, is the ill' Folun~n,of 114 then 

\\here 1; is a colunln vector of N(O.l) standard random norn~al deviates generated separately for 

column I .  .Y is a column vector of A'( ,D.~~, , , ,~ , , )  random normal deviates. and A is a n, x n, 

niatris such that /3.4'= C . Here C is a / I ,  x 17, variance-covariance matrix uith 
- 7 - 3 

a,,,,, + a,,,,, , ,,,,I,, in the diagonal and 6;,,,,, in the off-diagonal. Matrix A is conlputed b). Choleski t 

I factorization of Z . Once the cell nleans in A4 are computed. the replicate \.slues in each cell are 

I 



simulated. A data value is simulated as a hT(n~!i,6:rr,,,) random normal deviate. where 111, is the 

cell mean iIh row and the j" column ofM. The number of replicates simulated in each cell equals 

the number of replicates in the sampling design. 

10.4.3 Compl.ttation ofNonparametric Tolerance Interval Bounds 

If the reference data are far from normal and cannot be transformed to approximate 

normality. then a nonparanzetric tolerance interval is more appropriate. To compute 

nonparametric tolerance intervals, we used the method proposed by Woodward and 

Frawley (1 980). which is based on a method originally proposed by Hanson and 

Koopmans (1 964). Woodward and Frawley (1 980) show with simulations that their 

method works well with distributions that are skewed to the right (as is ofien the case 

with sediment chemistry data, though not with the currently evaluated sediment toxicity 

data). Here. a lower tolerance limit (L) is computed as 

where 17 is the number of sampling units: YI is the smallest data value, Y,, is the highest 

data value. and h is a value dependent on ii, P, and cx that can be found in Table 2 in 

Woodward and Frawley (1 980). This method has the advantage of ivorking well with 

smaller sample sizes. in contrast lvith the more standard method based on the binomial 

distribution (Hal~n and Meeker 1991, Chapter 5 ) :  \vl~ich requires large sample sizes in 

most cases. In the results, nonparanletric tolerance linlits are shown for P=. 90, ,925, .95, 

.97 and .99 with a =. 05. Limits for P=.925 were approximated as averages of the limits 

for P=. 90 and P=. 95, and limits for P=. 97 were approxinlated as averages of the limits 

for P=. 95 and P=. 99. The lin~its for P=. 925 and P=. 97 were estimated in this manner 

because \~alues for b with P=. 925 and P=.97 were not included in Table 2 in U'oodward 

and Frawley (1 980). 

The computation of nonparanletric tolerance inter~lals wit11 the present crossed random statistical 

model is similar in concept to computing parametric tolerance inter1:als using the nai've variance 



as the population variance. For the present application, the nai've variance ~vould be computed 

using the standard variance formula without regard to the station, survey, interaction. and error 

variance components (see section 10.3.2.1 for how the variance components are used to compute 

the population variance or standard deviation). Davis (1994) shows that tolerance limits based 

on the nai've variance will tend be too liberal (i.e., the interval bound will cover the P'" quantile 

less than I- a proportion of the time). One way to counteract this tendency is to use a higher P 

for nonparametric tolerance limits than for parametric tolerance limits. 

10.4.4 Rert~oval of Olrtliers 

The tolerance interval is a tool for screening toxicity results for values unlike that found in 

reference 1oc.ations. Occasionally, unusually large effects are observed with no obvious 

explanation. If such results are included in the tolerance interval computations, the tolerance 

interval bounds can be so low that the method no longer has any utility as an environmentally- 

protective screening tool. To avoid this situation, outliers were removed from the data, as. 

described below. 

Eight data points. out of a total of 238 data points used in the analysis, were determined to be 

outliers and \yere dropped from the analysis. Of these, three outliers were indicative of 

extren~el\l low tosicity. and five were indicative of extremely high toxicity. Three of the outliers 

came from experimental protocols with amphipods in pore water or intact cores. One (of 59) 

came fro111 amphipod Eohcit1.,ro).il4.~ solid-phase homogenate tests, and four (of 37) came from 

sea urchin lar\.al tests in pose Lvater. One sea urchin outlier had very low tosicit!.. three had high 

Box plots (Tukey, 1977) were displayed to identify the outliers for each bioassay test. In a bos 

plot the distribution of data \values is summarized; two features of the plot are relevant here. 

First. a central box 1vit11 bottom and top edges at the 25'" and 75'" percentiles of the data 

distribution is displayed. Second, extreme outliers are identified as values found more than three 

interquartile ranges from the edge of the central box. Extreme outliers identified in this manner 

\Yere remo\.ed from the data before computation of the tolerance intervals. 



Results 

1.0 DATA OUALlTY 

1.1 Chemistry Data 

All trace metal and trace organic chemistry data presented in this report met or exceeded quality 

assurance guidelines, as outlined in the Bay Protection and Toxic Cleanup Program (BPTCP) 

Quality Assurance Project Plan (Stephenson, et al., 1994). QA data reports were prepared 

specifically for the data presented in this report, and were submitted to the SWRCB. 

1.2 Grain Size Data 

All sediment grain size data presented in this report met or exceeded BPTCP quality assurance 

guidelines, as outlined in the BPTCP QAPP. A QA data report covering grain size analysis 

was submitted to,the SWRCB. 

1.3 Toxicity Data 

Not' all of the toxicity data presented in this report met all QA criteria as outlined in the BPTCP 

QAPP. Deviations from QA criteria are described briefly here and in detail in the QA report for 

toxicity data reproduced in Appendix B. All deviations from toxicity test QA criteria were 

considered minor, and were not expected to affect interpretation of the data for the objectives of 

this study. 

1 -3.1 An~peliscn Tests 

In two of the sampling periods, the amphipod survival in negative controls was less than the 

90% criterion. In Spring of 1994, control survival was 85 k 12%; in Fall of 1994. control 

survival was 81 k 10%. Both of these tests were conducted with amphipods collected from 

San Francisco Bay. In the Spring, 1995 test, amphipods from Rhode Island were used, and 

control survival was 91 +. 9% and 96 k 6% for the two sampling events during that season. 

The ability to meet the control survival criterion was one of the factors considered in this 

study's evaluation of toxicity tests for use in San Francisco Bay. 

1.3.2 Mytilus Pore \voter Tests 

In the test of samples collected in September, 1994, the percentage of normally developed 

lar\~ae in negative controls was below the acceptability criterion of 70%. Data from those 

sanlples are presented only in the evaluation of test performance, not in the evaluation of 

reference sites or calculation of reference envelope tolerance limits. All hfirillrs data presented 

for these purposes met the control acceptability criterion. 



1.3.3 Nebnlia Tests 

The Nebnlia test was undergoing preliminary development, and incorporated test acceptability 

criteria from the ASTM amphipod protocol (e.g., 90% control survival; ASTM, 1993). The 

test was conducted four times, and met the control response acceptability criterion only once 

(9194). The 3/95 test had control survival of 85 * 4%. While this was below the 90% 
criterion, this deviation was considered minor for the objectives of this study, and the data 

from that test were included in calculations for this report. Poor organism condition resulted in 

poor control response in the 4/94 and 4195 tests, and data from these were not used, except in 

the evaluation of test performance (see Section 3.1, below). 

1.3.4 Gel~ertll 

Dissolved oxygen (DO) measurements indicated DO above 100% saturation in a number of 

tests (Appendix B). This deviation was within allowable measurement error (10%) in the 

majority of cases and was not expected to have affected test results. All other QA deviations 

involved nunor salinity fluctuations or A~l~pelisca laboratory holding times of less than 48 

hours, as described in Methods Section 3.3 and Appendix B. None of these deviations were 

expected to have significantly affected test results. 

2.0 EVALUATION OF REFERENCE SITES 

2.1 Measured Chemistry at Reference Sites 

Chemical concentrations were compared to probable effects levels (PELS; MacDonald, 1994; 

Long et a]., 1998) and effects range median values ( E m s ;  Long et al., 1995; 1998). PEL and 

ERM values are informal (nonregulatory) benchmarks to aid in the interpretation of sediment 

chemistr\l data (Long et a]., 1998; Table 8). They were derived as mid-range points within the 

distributions of chemical concentrations associated with measures of adverse effects (ERMs) or 

associated with both effects and no-effects data (PELS). Only those chemicals for which PEL 

and/or ERM values have been derived were used in this analysis (see Methods section 10.2.1). 

Chemical concentrations exceeding E m  andlor PEL values do not necessarily indicate that 

biological effects will be observed in a given sample, but these guidelines are useful for 

evaluating the reference site data relative to previous studies. 

PEL values for chromium, and PEL and ERM values for nickel were exceeded at all reference 

sites (Table 9a). The mean value for trace metal PEL quotients for each site (excluding nickel) 

ranged from 0.28 to 0.37, while the mean value for trace metal ERM quotients for each site 

(excluding nickel) ranged from 0.16 to 0.27. The reasons for excluding nickel from 



calculations of mean ERM and PEL values are considered in Discussion Section I .O, as are the 

implications of ERM and PEL comparisons for chromium and DDT compounds. 

The mean PEL and ERM quotients for organic chemicals, including the elevated DDT values, 

ranged from 0.09 to 0.11 and 0.05 to 0.07, respectively. Organic chemical concentrations in 
,' 

reference site samples were generally well below guideline values, with two exceptions. A 

sample from Paradise Cove collected in March, 1995, matched the PEL value for 

dibenz[a,h]anthracene, a polycyclic aromatic hydrocarbon (Table 9b). The San Pablo Bay 

Island # 1 sample from Spring, 1995, had measured concentrations of p'p'DDT and total DDT 

that exceeded PEL and/or ERM values. While an ERM value for p'p'DDT has not been 

derived, the measured p'p'DDT concentration was 12.2 times the PEL value. However, the 

high p,pl-DDT concentration and the high p,p'-DDT to p,p'-DDE ratio observed in the San 

Pablo Bay, Island # 1 sample appeared anamalous. Therefore, a replicate analysis of the 

sample was performed. This replicate analysis produced similar PCB and PAH profiles as the 

initial sample, but failed to reproduce the high p,p-DDT result (p,p-DDT was not detected in 

the replicate analysis). It appears that the pesticide residues in this sample were subject to a 

higher degree of variability, which may have been a result of either isolation of pure p,pt-DDT 

within small sediment panicles, or of decomposition of these residues after the initial analysis. 

A small particle may have had DDT embedded inside it where it was not bioavailable and did 

not degrade into either DDE (aerobic) or DDD (anerobic). However, failure to reproduce the 

initial measurement indicates that the DDT was not widely distributed in the sample. Good 

PCB and PAH reproducibility indicates that these residues were more evenly distributed in the 

sample. 

The mean PEL quotient for all chemicals for which guideline values exist (trace metal and 

organic), excluding nickel, ranged from 0.28 to 0.37, while the mean ERM quotient for all 

chemicals ranged from 0.16 to 0.27. The mean ERM quotients for the three Regional 

Monitoring Program (RMP) sites that were included in Reference Envelope tolerance limit 

calculations were: 0.092 (San Bruno Shoal), 0.108 (Horseshoe Bay), and 0.095 (Pinole 

Point). 

2.2 Toxicity Test Results at Reference Sites 

Samples from San Pablo Bay Island #I generally showed little toxicity. Mean values for three 

field replicates were greater than 80% of control response in all tests except the September, 

1994, test of intact sediment with Eohaustorius, and the March, 1995, Nerr~~tlies growth test 

(Figure 9). No individual field replicates from any other tests produced a value lo\irer than 



75% of control (Table 10; note that data in Table 10 are absolute values, and are not given as 

percentages of control values, as they are in all Figures). 
1 ,  

%. Samples from San Pablo Bay Tubbs Island produced a similar pattern, but had lower levels of 

survival in solid phase tests with A,npelisca, Eolrahstoiius, and Neanthes (Figure 10). The 

same Neanthes growth test and intact sample Eollaustorius test produced poor results. The 

performance of these tests is discussed in the next section. 

Paradise Cove samples showed little toxicity in homogenized sedimenti tests with amphipods, 

mussel and sea urchin larval tests in porewater, and sea urchin larval tests at the sediment-water 

interface (Figure 11). Results were more variable for intact sample and porewater tests with 

amphipods, and in tests with Necruthes and Nebolicr, as will be discussed in the next section. 

Patterns of response in the various toxicity tests at the North and South sites from South San 

Francisco Bay were similar (Figures 12 and 13). With the exception of amphipod porewater 

results that reflect relatively low survival in test controls, results were consistently between 

80% and 100% of the control response. 

Notable in the data from Tomales Bay, Marconi Cove, is the relatively poor survival of the 

amphipods Eolrc~~rsrorilrs in homogenized sediment (Figure 14). Results from the other tests 

were comparable to those obtained from the other reference sites. As will be discussed in 

following sections, the Tomales Bay site had the highest percentage of clay particles, with 

greater than 60% of the sample mass composed of particles less than 4 pm. 

With the exception of Eolr~lrstorilrs tests with intact samples, toxicity test results from Bolinas 

Lagoon were consistently greater than 80% of control response (Figure 15). 

2.3 Variability Among Field Replicates at Reference Sites 

With the exception of porewater and intact core tests with the amphipods, variability among 

reference site field replicates was relatively low (as indicated by error bars in Figures 9 through 

15; see also Table 10). The highest coefficient of variation (CV = standard deviation divided 

by the mean) for field replicate variability was 33% for Eol~austori~rs in homogenized sediment 

from Tomales Bay, while other high values included 26% for Neolrtlres survival at Tomales 

Bay and 25% for Eoll~lrstorius at the South South Bay site. 
I 



2.4 Temporal Variability at Reference Sites 

Temporal variability is indicated by differences between adjoining histogram bars in Figures 9 

through 15. Again with the exception of porewater and intact core tests with amphipods, 

temporal variability in toxicity test results at reference sites was relatively low. The highest 

temporal variability was among results of Nenilthes growth tests at Tubbs Island and Island #1 

in San Pablo Bay (CVs = 35% and 24%, respectively), and among results of Neanthes 

survival at Tomales Bay (CV = 27%). 

2.5 Physical Characteristics at Reference Sites 

2.5.1 Graiit Size 

Sediments from candidate reference sites were generally fine-grained (Figures 16 through 22). 

Samples from nearly all sites had a broad distribution of particle sizes ranging from 

approximately 0.2 pm to 60pm (colloidslclays to silts). The most abundant size fractions were 

generally in the 1 to 4 pm range (clay) at nearly all sites, and there was moderate temporal 

variation in grain size at all sites. Bolinas Lagoon samples tended to have a broader range of 

particle sizes, with a greater fraction of silt and sand (Figure 22). Tomales Bay had the 

narrowest distribution, with clays and colloids often accounting for greater than 60% of the 

sample mass (Figure 21). Microscopic analysis revealed that Tomales Bay samples had a 

greater abundance of small fecal pellets, but did not differ from other sites in their abundance of 

diatoms, foraminiferans, plant material, worm tubes or shell fragments. Toxicity to 

Eolznlrstor-ills (in homogenized sediment) correlated significantly with the presence of 

claylcolloid particles at Tomales Bay (Spearman Rank Correlation, n = 7, p c 0.05). 

Eohnwtor-ius toxicity in homogenized sediment also correlated significantly with the 

claylcolloid fraction at all sites, and N e ~ i ~ t l ~ e s  toxicity correlated significantly with the 

- percentage of fine grained sediment (silt plus clay) at all sites (Table 11). 

Grain size distributions at the refererice sites were similar to those found at sites being 

investigated as candidate toxic hot spots, including Castro Cove and Islais Creek (Figure 23). 

Sediment sampled from Clipper Cove had a slightly bimodal distribution, with a moderate 

amount of medium-grained sand and a greater fraction of clay. 

2.5.2 Totlrl Orgnnic Cnrboi~ (TOC) 

Total organic carbon at the reference sites ranged from 0.74% to 2.39% (Appendix A, Section 

11). This was lower than that observed at Islais Creek (4.32%) and possibly at other sites 

where sludge or other sewage derived organic matter accumulate. Castro Cove (1.43%) and 

Clipper Cove ( 1.10%) were within the range of TOC \lalues obtained at reference sites. 



Tomales Bay had consistently higher TOC.than did the reference sites within San Francisco 

Bay, averaging 2.29% compared to an overall reference site mean of 1.40%. TOC was 

significantly negatively correlated with survival of Eohaustorius in porewater, survival of 

Eohaustorius in homogenized sediment, and normal development of sea urchin larvae in 

porewater at reference sites (Table 1 1). 

2.6 Benthic Community Analyses at Reference Sites 

Assessments of sediment quality commonly include an analysis of benthic community ecology. 

Through cooperative efforts with the SF Bay RMP, three reference sites from this study were 

included in RMP pilot studies evaluating pollution impacts on benthic communities (SFEI, 

1997). These efforts to classify sites are based on the presence or absence of species that are 

indicative of unimpacted sites, species indicative of impacted sites, taxonomic groups indicative 

of unimpacted sites (such as amphipods and echinoderms) and taxonomic groups indicative of 

impacted sites (such as oligochaetes and chironomids). During three years of sampling (1994 

to 1996), Island #1, Tubbs Island, and Paradise Cove had 36%, 2296, and 10% impacted 

species, 9%, 1 1 %, and 19% unimpacted species, and 3%, 1 1 %, and 42% amphipods, 

respectively. There were insignificant numbers of echinoderms, oligochaetes or chironomids 

at all three sites. This preliminary data suggest that the benthic community of the Island #1 site 

may be moderately impacted by pollutants. Tubbs Island appears to have a less impacted 

fauna, and the assemblage observed at Paradise Cove appears to be indicative of an unimpacted 

benthic community. No data were available for the South Bay reference sites. A more 

extensive discussion of these results is presented in the RMP 1996 Report (SFEI, 1997). 

The three RMP sites that were included in Reference Envelope tolerance limit calculations were 

also sampled for benthic community analyses (SFEI, 1997). During three years of sampling 

(1994 to 1996), Pinole Point, Horseshoe Bay, and San Bruno Shoal had 22%, 12% and 17% 

impacted species, 7%, 1 1%, and 15% unimpacted species, and < 1%, 27%, and 23% 

amphipods, respectively. This preliminary data suggest that the benthic community of Point 

Pinole may be moderately impacted by pollutants. The benthic communities of Horseshoe Bay 

and San Bruno Shoal do not appear to be impacted. These interpretations are preliminary, and 

are discussed further in the RMP 1996 Report (SFEI, 1997). 



3.0 EVALUATION OF TOXICITY TESTS 

3.1 Test Performance 

3.1.1 Acceptability of Test Co~ltrol Respoi~se 

The degree to which each toxicity test met control acceptability criteria is indicated in Figures 

24a and 24b. Control responses for each test, along with station means of all laboratory 

replicate toxicity data are given in Table 10. Solid-phase sediment tests with the amphipod 

Eohaustorius met control acceptability requirements in four of four trials (Figure 24a). 

Porewater and sediment-water interface (SWI) tests with the sea urchin Strongylocentrotus met 

control acceptability requirements in all trials (Figure 24b). All other tests had at least one trial 

in which control response was below the criterion. The Ampelisca test, as described above, 

met the criterion in both trials with east coast amphipods, but fell short of the criterion with 

amphipods collected in San Francisco Bay. 

Tests with the highest percentage of test failures based on control acceptability were the Nebalia 

solid-phase test and the porewater test using Eohaustorius. Poor condition of cultured Nebalia test 

organisms (in one trial) and field collected organisms (in another trial) appeared to be responsible 

for those poor test results. There is no specific test acceptability criterion for porewater tests with 

Eohausrorius, because this infaunal amphipod is not routinely tested for 10 days in water only 

exposures. In four trials testing Eohciitstoriirs in porewater, control survival was 80, 84, 48, and 

84%, all below the 90% criterion established for amphipods tested in solid-phase sediment., 

3.1.2 Variability ainong k~borcitory Replicates 

Variability among laboratory replicates of test samples is often used to define the variance 
, 

component in statistical tests, and is therefore a primary factor affecting test power to 

discriminate among samples. It is used here as a measure of the consistency of response 

among test organisms. Tests ~lsing developing. larvae of the sea urchin Strongylocentrotus had 

the lowest variability among laboratory replicates (Figure 25). Variability among intact 

sediment cores tested with Eolznustorius had the highest variability. Neanthes growth and 

survival and Eohaustorius survival in porewater also had higher than average variability among 

laboratory replicates. 

3.1.3 Test Sensitivity 

The ability to discriminate between sites with presunled low and high concentrations of 

measured chemicals was the primary indicator of test sensitivity in this study (Figure 26). 

Islais Creek and Castro Cove were used as examples of sites with high levels of pollution, 

though this is based on previous studies (Long et al., 1988; Flegal et al., 1994), as chemistry 



was not measured at these sites in this study. Paradise Cove was used as an example of a 

reference site in this comparison because it is located between Islais Creek and Castro Cove, 

and because test responses were generally similar to those from the other four candidate 

reference sites within the Bay (Figures 9 through 13, Table 10). 

Comparisons of toxicity data from Islais Creek, Castro Cove and Paradise Cove indicate that 

four tests demonstrated reduced survival or abnormai'development at Islais Creek andlor 

Castro Cove, while two tests showed no difference between the sites. Islais Creek and Castro 

Cove samples produced significantlly lower survival than controls in solid phase tests using the 

amphipods Eohaustorius and Ampelisca. Porewater and SWI tests using larval sea urchins 

exhibited significant toxicity at Islais Creek, but not at Castro Cove or Paradise Cove. Solid 

phase tests using Neanthes growth 'and survival and Nebalia survival produced high growth 

and survival at both reference and contaminated sites (Figure 26). No data were available for 

the Mytilus test at Islais Creek or Castro Cove due to less than acceptable control response (see 

Results Section 1.2.2). 

Samples from Islais Creek had concentrations of total sulfide and unionized ammonia that may 

have been at least partially responsible for effects observed in some of the toxicity tests (Table 

12). In tests with Eohaustorius and Ampelisca., presumed threshold levels of total sulfide 
I 

were exceeded in test container sediment interstitial water, but not in overlying water. 

However, the mobile amphipods are capable of avoiding interstitial sulfide by emerging from 

test sediments or by inhabiting more highly oxidized surficial layers. For this reason, sulfide 

application limits have not been established for these tests (EPA 1994). The calculated total 

sulfide LOEC (lowest observed effect level) for development of sea urchin embryos was 

exceeded in Islais Creek interstitial water tested with this protocol (Table 12). Total sulfide 

toxicity thresholds, rather than those for the toxic hydrogen sulfide form, were used because 

literature comparative data were presented as total sulfide, and algorithms for calculating the 

percentage of hydrogen sulfide in seawater varied between laboratories. Hydrogen sulfide 

data, calculated according to methods described in Phillips et a1 (1997), are given in Appendix 

B, Section 1. 

Unionized ammonia threshold values were exceeded in Islais Creek samples in tests with 

An~peli.cco, sea urchins in porewater and sea urchins at the sediment-water interface (Table 12). 

While these threshold exceedences suggest that ammonia and sulfide may have been 

responsible for toxicity at Islais Creek, preliminary toxicity identification evaluations (TIES) of 
I 

I concurrently collected Islais Creek samples indicate that substantial toxicity remained in the 
I 



samples after hydrogen sulfide and ammonia were removed (by aeration and zeolite treatment, 

respectively; Hansen and Assoc, 1996).  either the Castro Cove nor the Paradise Cove 

samples had'levels of hydrogen sulfide or ammonia above presumed threshold values for 

biological effects (Table 12). 

3.1.4 Relationship ~ ~ i t h  Chemistry at Reference Sites 

Toxicity test response was significantly negatively correlated to concentrations of some 

measured chemicals at reference sites (Table 13). Survival of Eohaustorius in homogenized 

sediment was significantly negatively correlated to concentrations of arsenic and copper, while 

survival of Eohaustorius in porewater was significantly negatively correlated to concentrations 

of copper, iion, antimony, zinc, and p'p'DDE. Normal development of sea urchin larvae in 

porewater was significantly negatively correlated to concentrations of total PCBs, while normal 

development of sea urchin larvae at the sediment-water interface was significantly negatively 

correlated to concentrations of arsenic and P'P'DDE. The significance of these correlations is 

uncertain, however, because none of these chemicals exceeded ERM values (see Results 

Section 2.0), and there was minimal toxicity in samples from these sites, with the exception of 

survival of Eohaustorius in porewater. 

3.1.5 Relatiorzsllip with Natural Factors 

Only survival of Eohaustorius in porewater was significantly negatively correlated with test 

solution ammonia or hydrogen sulfide at reference sites (Table 11). However, neither ammonia 

nor hydrogen sulfide concentrations were as high as those reported to be toxic to Eohaustorius 

(Appendix B and Table 12). Survival of Eohaustoriirs in porewater, survival of Eol~austorius in 

homogenized sediment, and normal development of sea urchin larvae in porewater were each 

significantly negatively correlated with total organic carbon (TOC). Survival of Eolzcrustorius 

and Neanrlles in homogenized sediment were both significantly negatively correlated with grain 

size: Eohairstorius with percent clay/colloids (the finest measured fraction) and Neantkes with 

percent fines (the combined silt and clay fractions). As above, test organism survival and 

normal development were generally high at reference sites, except for survival of Eohaustorius 

in porewater (Table 10). These correlation analyses were part of the assessment of reference 

sites; data from presumed contaminated sites were not included. Ammonia, sulfide, grain size 

and TOC at suspected contaminated sites are discussed in Section 3.1.3. 

3.1.6 Overall Evaluation of Test Protocols 

Results from amphipod tests with intact sediment cores and sediment porewater were highly 

variable and subject to low control performance. These tests were intended for specific 



applications other than routine monitoring. The intact core tests were conducted for the 

purpose of investigating the effects of homogenization on sample toxicity. Carnivorous 

annelids much larger than the test amphipods were occasionally observed in the intact core 

samples, and predation may have had a significant effect on test results. The porewater 

amphipod tests were conducted to provide screening data for Toxicity Identification 

Evaluations (TIES). Lack of a sediment matrix is known to exert additional stress on test 

amphipods. 

Nebalin tests were subject to poor control performance, and did not respond to sediments from 

test sites that were toxic to amphipods. This test was also experimental, conducted in an effort 

to develop a test with greater tolerance to hydrogen sulfide and ammonia. Neither of these 

compounds appeared to be a factor in Eohausrorius toxicity in the sediments tested, though 

ammonia may have been a factor affecting survival of Ampelisca in Islais Creek samples. 

Netllttl~es tests produced greater variability among field replicates and among laboratory 

replicates than did the amphipod tests (with the exception of porewater and intact core 

amphipod tests). Neantl7es tests did not respond to sediments from test sites that were toxic to 

amphipods. 

Tests with amphipods in hon~ogenized sediment resulted in acceptable control performance, 

with the exception of An~peliscn collected in San Francisco Bay, as described above. 

Amphipod survival declined significantly in sediments from test sites, presumably responding 

to sedirilent pollutants. Past studies of Castro Cove have documented high levels of numerous 

pollutants, though no recent data was available to characterize the Islais Creek site. 

With the exception of one set of tests with mussel larvae, larval development tests in porewater 

and at the sediment-water interface exceeded control acceptability criteria. Several factors often 

complicated the interpretation of larval porewater test results. Sulfide and/or ammonia were 

often measured at concentrations above toxicity thresholds in porewater samples (Table 12), 
making i t  difficult to determine the toxic effects of any available pollutants. Porewater salinity 

adjustment caused varying degrees of sample dilution, depending on the original salinity of the 

samples. This variable sample dilution made it difficult to compare test results between sites. 

Sea urchin larvae tested at the sediment-water interface (SWI) were generally exposed to lower 

concentrations of toxic sulfide andlor ammonia, with concentrations of these compounds often 

below threshold \~alues when corresponding porewater sample concentrations were above 

thresholds (Table 12). SWI tests were not affected by original sample salinity, since all tests 



used unadjusted overlying water from the same source, and data from the SWI tests were more 

directly comparable among sites. 

4.0 TOLERANCE LIMITS BASED ON REFERENCE SITE TOXICITY DATA 

4.1 Distribution of Reference Site Toxicity Data 

The distributions of reference site toxicity data for all protocols are presented in Figures 27 

through 39. Figures 29a, 34a, and 36a contain additional data from BPTCP screening surveys 

and from the SF Bay RMP (Table 14). 

Three outliers were identified in the reference site toxicity data from this study. One of these 

outliers was from the test of intact sediments with amphipods, in which the outlier value was 

20% of the test control value (Figure 30a). The other two were from tests of sediment 

porewater with amphipods, in which the outlier values were greatly in excess of the test control 

values, which were lower than acceptable in tests of solid-phase sediment (Figure 3 la, Table 

10). These tests, as described in Section 3.6 above, were experimental and subject to high 

variability. The expanded data set that included BPTCP screening data and RMP data had 

additional identified outliers. The outliers included one low value in the Eolzaustorius test of 

homogenized sediment (Figure 29a), and three low values plus one high value in the sea urchin 

porewater tests (Figure 34a). 

Reference site toxicity data from this study appear to be normally distributed (Figures 27 

through 39), and there were no significant departures from normal distributions (alpha > 0.05). 

Combined data sets (including BPTCP screening and RMP data) were normally distributed 

after outliers were removed. Sea urchin larval tests had the lowest variability about the mean 

response (Figures 33 through 36), though outliers existed in the expanded data set (Figure 

34a). Amphipod tests in homogenized sediment had intermediate distributions, in terms of 

variability within the data set (Figures 27a, 28a, and 29a), while hlecrr~thes tests and tests of 

intact cores and porewater with amphipods had the greatest variability in response to reference 

site sediments. 

4.2 Tolerance Limits for Sediment Toxicity 

The amount of variability, the factors contributing to observed variability, and the mean response 

to reference site sediment exhibited by each protocol influenced the tolerance limits calculated for 

sediment toxicity in San Francisco Bay (Figures 27 through 39; Table 15). Tolerance limits are 

presented in a number of ways to demonstrate the effects of various factors affecting reference 

envelope tolerance limit calculations. Tolerance limits calculated using "naive variance" 



(assuming a single source of variation), tolerance limits calculated.'using bootstrap simulations (to 

account for multiple sources of variation, such as exist in the present study with multiple 

sampling times and locations), and 'non-parametric tolerance limits are presented for a number of 

different data combinations and "p" values (see Methods Section 10.4). 

v Since the naive variance calculation assumes that all variance is random variance, tolerance limits 

calculated using this method will approximate those produced by the multiple-variance bootstrap 

simulation calculations when the error term is the.primary variance component. This tends to be 

the case with data from the Eohnusrorius tests of homogenized sediment (Figure 29b). The error 

variance component accounts for 58% of the total variance in the Eohaustorius homogenized 

sediment test data (Table 16), and the naive variance and bootstrap generated tolerance intervals 

are very similar. When the variance is spread more evenly among variance components, as is 

the case with Eokaustorirrs porewater and mussel larval tests (Figures 3 1b and 32b), the 

differences between tolerance limits calculated by the two methods is greatest. The non- 

parametric tolerance limit calculations are most influenced by the absolute spread in the data 

distribution, since this method depends on the range of values. Thus, for sea urchin porewater 

test values with outliers removed (Figure 34b) the non-parametric tolerance limits are similar to 

limits calculated with naive and bootstrap parametric methods, but when outliers are added and 

the range is extended (Figure 34c), the non-parametric tolerance limits are much lower. 

The naive variance and non-parametric tolerance linuts are presented for comparison, since the 

data are normally distributed (parametric) and are characterized by multiple sources of variation 

(SO the bootstrap simulation method is appropriate). 

Tolerance limits decrease with "pH value at various rates, depending on the total variation and 

distribution of variation among variance components. As p values decrease, tolerance limits 

proceed toward lower percentiles of the reference distribution. In cases where the reference 

site distribution has a high mean value and low overall variation about that mean, tolerance 

limits are relatively high (as in Figure 34b). When mean values are relatively high, but 

variability is high as well (as in Figures 37b and 38b), resulting tolerance limits may be low 

relative to previous interpretations of sediment toxicity (e.g., Swartz et al., 1985a; Schirnmel et 

al., 1994). When mean reference site values are low and variability is high, toierance limits are 

very low (as in Figure 30c). In such cases, negative tolerance limits are possible, and 

application of this method would deny any logical reason for testing, since any possible test 

result would surpass the limit. 



Sample results from the two test sites (Castro Cove and Islais Creek) can be compared against 

calculated tolerance limits. The tolerance limit for the lowest 10th percentile of the reference 

site distribution (p = 10) for Ampelisca tests was 71% of the control (Table 15). Tests of 

Castro Cove and Islais Creek sediment produced survival rates of 36% and 67% of controls, 

respectively. Similar values for the Eohaustorius test were: 10th percentile tolerance limit 7096, 

Castro Cove 35%, and Islais Creek 60%. Solid-phase tests with Neanthes were above the 

tolerance limits for samples from both sites. Porewater tests of sea urchin larvae produced a 

10th percentile tolerance limit of 94% of control response, compared to 104% at Castro Cove 

and 0% at Islais Creek (though sulfide and ammonia were at toxic levels in Islais Creek 

porewater; Table 12). Similar results were observed for sea urchin SWI tests, though sulfide 

and ammonia toxicity at Islais Creek are less probable. 



Figure 9. Results of toxicity tests of samples from San Pablo Bay, 
Island #l. Each column represents a sampling event; error bars are 2 

one standard deviation among field replicates. 

Figure 10. Results of toxicity tests of samples from San Pablo Bay, 
Tubbs Island. Each column represents a sampling event; error bars are 

one standard deviation among fidd replicates. 
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I 
' Figure 13. Results of toxicity tests of samples from the South 

South Bay site. Each column represents a sampling event; error 
bars are + one standard deviation among field replicates. 



Figure 14. Results of toxicity tests of samples from Tomales Bay, 
Marconi Cove. ~ a c h  column represents a sampling event; error bars 
are one standard. deviation among field replicates. 
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Figure 15. Results of toxicity tests of samples from Bolinas 
Lagoon. Each column represents a sampling event; error bars are 
one standard deviation among field replicates. 
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Figure 16. Grain size distribution in samples from San Pablo Bay, 
Island #l. Reps are field replicates, and each line 
represents a different sampling event. 
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Figure 17. Grain size distribution in samples from San Pablo Bay, 
Tubbs Island. Reps are field replicates, and each line represents 
a different sampling event. 
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Figure 18. Grain size distribution in samples from Paradise Cove. 
Reps are field replicates, and each line represents 
a different sampling event. 
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Figure 19. Grain size distribution at the North South Bay site. 
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Figure 20. Grain size distribution at the South South Bay site. 

South South Bay, Replicate 1, 03/07/95 ---- - -. . - -- -- -- -- .. - r 1  - 

520 ., .- .,- 
U !  e o .! . .  . .... .... . , , , __, _. ,_. ..; ...I -. , 
u 

0 1 . 2  3 4 5 6 7 ' 8  10 12 
Phi 

South South Bay, Replicate 2, 03/07/95 . .  . . .  . . .  . .  . ...... 
i _ I _ _ __ . . . .  . .. . .. ... *. ,. .- .- -- .- -, - 

100 

0 1 2 3 4 5 
Phi 

South South Bay, Replicate 3, 603/07/95 .............. . . . . . . . . . . . . . .  , ......... - . .-. .. . -4  . - - .- .- 

2 3 4 5 6 7 8 10 12 
Phi 



Figure 21. Grain size distribution in samples from Tomales Bay, 
Marconi Cove. Reps are field replicates, and each line 
represents a different sampling event. 
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Figure 22. Grain size distribution in samples from Bolinas Lagoon. 
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Figure 23. Grain size distribution in samples from test sites. 
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Figure 24a. Acceptability of control responses in solid-phase toxicity tests. 
Each bar represents the mean home sediment control response from tests 
conducted on different batches of samples. The control survival 
acceptability criterion is 90%. 
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Figure 24b. Acceptability of control responses in larval toxicity tests of 
pore water and at the sediment-water interface. Bars represent mean 
control responses in tests from different batches of samples. The control . 
acceptability criterion is 70%. 

Mussels Urchin PW Urchin SWI 

8 1 



Figure 25. Variability among laboratory replicates. Barsrepresent average 
standard deviations (k sd) among five laboratory replicates for each test 
protocol. The number of samples tested ranged from 11 to 46, depending on 
the protocol. 



Figure 26. Comparjson of test responses at a reference site (Paradise Cove), 
and two test sites (Castro Cove and Islais Creek). Error bars at Paradise Cove 
are i one standard deviation among field replicates. 
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Figure 27a. Distribution of reference site data for the Ampelisca test in 
homogenized sediment. All data were from this study. There were no 
outliers identified or removed from this data set. 

Survival as Percent of Control 

Figure 27b. Reference envelope tolerance limits for the Ainpelisca test. All 
data were from this study. There were no outliers identified or removed from 
this data set. 
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Figure 28a. Distribution of reference site data for the Eohaustorilts 
test in homogenized sediment. Data are from this study. There were no 
outliers identified or removed from this data set. 
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Figure 28b. Reference envelope tolerance limits for the Eohaustorius 
test in homogenized sediment. Data are'from this study. There were no 
outliers identified or removed from this data set. 
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Figure 29a. Distribution of reference site data for'the Eohaustorius 
test in homogenized sediment. Data are from this study plus additional BPTCP 
and RMP studies. There was one outlier identified, which is striped. 
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Figure 29b. Reference Envelope tolerance limits for the Eohaustorius 
test in homogenized sediment. Data are from this study plus additional BPTCP 
nnd RMP studies. The one outlier was removed for this analysis. 
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Figure 29c. Reference Envelope tolerance limits for the Eohaustorius 
test in homogenized sediment. Data are from this study plus additional BPTCP 
and RMP studies. The one outlier was retained for this analysis. 
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Figure 30a. Distribution of reference site data for the Eohausrorius 
test in intact sediment cores. Data are from this study. There was one 
outlier identified, which is striped. 
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Figure 30b. Reference envelope tolerance limits for the Eohaustorius 
test in intact sediment cores. Data are from this study. There was one 
outlier identified, which was removed for this analysis. 

100 
75 
5 0 

! 
25 
0 

P Value 

Figure 30c. Reference envelope tolerance limits for the Eohnustorius 
test in intact sediment cores. Data are from this study. There was one 

h 
outlier identified, which was retained for this analysis. 
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Figure 31a. Distribution of reference site data for the Eohaustorius 
test in sediment pore water. Data are from this study. There were two outliers 
identified, which are striped. 
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Figure 31b. Reference Envelope tolerance limits for the Eohaustorius 
test in sediment pore water. Data are from this study. The two outliers were 
removed for this analysis. 
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Figure 31c. Reference Envelope tolerance limits for the Eohaustorius 
test in sediment pore water. Data are from this study. The two outliers were - retained for this analysis, 
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Figure 32a. Distribution of reference site data for the M)tilus test in 
sediment pore water. All data were from this study. There were no 
outliers identified or removed from this data set. 
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Figure 32b. Reference envelope tolerance limits for the Mytilus test. All 
data were from this study. There were no outliers identified or zemoved from 
this data set. 



- Figure 33a. Distribution of reference site data for the sea urchin test in 
sediment pore water. All data were from this study. There were no 
outliers identified or removed from this data set. 
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Figure 33b. Reference envelope tolerance limits for the sea urchin test. All 
data were from this study. There were no outliers identified or removed from 
this data set. 
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Figure 34a. Distribution of reference site data for the sea urchin test in sediment 
pore water. Data are from this study plus additional BPTCP and RMP studies. 
There were four outliers identified, which are striped. 
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Figure 34b. Reference Envelope tolerance limits for the sea urchin test in 
sediment pore water. Data are from this study plus additional BPTCP and RMP 
studies. There were four outliers identified, which were removed for this analysis. 
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Figure 34c. Reference Envelope tolerance limits for the sea urchin test in 
sediment pore water. Data are from this study plus additional BPTCP and RMP 
studies. There were four outliers identified, which were retained for this analysis. 

h 

$ loo 
c 80 

60 
Y2 40 
*g - 20 
3 f  0 

Y 8 c -20 
3 8 -40 
L p, -60 
2 -80 
0 u 
b , 5 -100 

,u -120 
-140 

w 
0.00 0.05 0.10 0.15 0.20 

P Value 



Figure 35a. Distribution of reference site data for the sea urchin test at the 
sedimenvwater interface. All data were from this study. There were no 
outliers identified or removed from this data set. 
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Figure 35b. Reference envelope tolerance limits for the sea urchin test at the 
sedimenuwater interface. There were no outliers identified or removed from 
this data set. 
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Figure 36a. Distribution of reference site data for the sea urchin test at the 
sedimentlwater interface. Data are from this study plus additional BPTCP and 
RMP studies. There were no outliers identified or removed from this data set. 
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Figure 36b. Reference envelope tolerance limits for the sea urchin test at the 
sedimentlwater interface. Data are from this study plus additional BPTCP and 
RMP studies.There were no outliers identified or removed from this data set. 
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Figure 37a. Distribution of reference site data for the Neanthes test in 
homogenized sediment. All data were from this study. There were no 
outliers identified or removed from this data set. 
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Figure 37b. Reference envelope tolerance limits for the Neanthes survival 
test. All data were from this study. There were no outliers identified or 
removed from this 'data set. 
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Figure 38a. Distribution of reference site data for the Neanthes growth 
test in homogenized sediment. All data were from this study. There were 
no outliers identified or removed from this data set. 
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Figure 38b. Reference envelope tolerance limits for the Neant'hes growth 
test. All data were from this study. There were no outliers identified or 
removed from this data set. 

0.00 0.05 0.10 0.15 0.20 

P Value 



Figure 39a. Distribution of reference site data for the Nebalicc test in 
homogenized sediment. All data were from this study. There were no 
outliers identified or removed from this data set. 
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Figure 39b. Reference envelope tolerance limits for the Nebalia survival 
test. All data were from this study. There were no outliers identified or 
removed from this data set. 
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Table 9a. Summary of trace metal chemistry data for samples with concentrations.exceeding PEL andlor ERM values. 

Mean Mean Cr Ni Mean Mean 

Station Date ERMQ PELQ Cr PELQ Conc. Ni ERMQ Ni PELQ Conc. Metal ERMQ Metal PELQ 

Paradise Cove ( I ) 4/94 0.22 0.35 1.5 238 2.1 2.5 107 0.30 0.48 

Paradise Cove (2) 4/94 0.19 0.32 1.4 219 I .8 2.2 93 0.25 0.42 

Paradise Cove (3) 4/94 0.19 0.31 1.4 222 2.0 2.4 104 0.26 0.42 

San Pahlo Bay. Tubbs Is. ( I)  4/94 0.22 0.33 1.3 - 207 2.4 2.9 123 0.3 1 0.47 

San Pablo Bay, Tubbs Is. (2) 4/94 0.20 0.31 1.2 195 2.2 2.6 113 0.28 0.42 

San Pablo Bay, Tubbs Is. (3) 4/94 0.19 0.30 1.2 198 2.3 2.7 117 0.27 0.42 

San Pablo Bay, Is. #I (I) 4/94 0.18 0.29 1.2 1 94 1.4 1.7 ~ . 73 0.25 0.41 

San Pablo Bay, Is. #I (2) 4/94 0.20 0.30 1.3 202 1.5 1.8 76 0.28 0.43 

San Pablo Bay, Is. #I (3) 4/94 0.20 0.31 1.2 195 1.4 1.7 73 0.28 0.43 

Paradise Cove (I ) 3/95 0.21 0.35 1.2 196 1.9 2.3 98 0.24 0.40 

N. South Bay (I) 3/95 0.17 0.28 1.1 181 2.0 2.4 102 0.22 0.37 

N. South Bay (2) 3/95 0.17 0.28 - 1.2 186 1.9 2.3 98 0.22 0.36 

N. South Bay (3) 3/95 0.17 0.28 I .2 193 1.9 2.3 96 0.22 0.37 

S. South Bay (I) 3/95 0.16 0.29 1.3 212 1.7 2.0 85 0.20 0.37 

N. South Bay (2) 3/95 0.16 0.29 1.3 213 1.6 1.9 83 0.20 0.36 

N. South Bay (3) 3/95 0. I6 0.29 1.3 206 1.6 1.9 83 0.20 0.36 
San Pablo Bay, Tubbs Is. ( I )  4/95 0.21 0.34 1.3 209 2.6 3.2 135 0.29 0.48 

San Pablo Bay, Is. #I (1) 4/95 0.27 0.37 1.1 181 2.0 2.4 102 0.24 0.39 

. . . .  . 

Trace metal concentration units are-ppm (pglg dry weight). 
ERM is Effects Range Median, PEL, is Probable Effects Level (see section 10.2.1). 
ERMQ and PEL0 are quotients: (measured concentration ofa chemical) + (its ERM or PEL value). 
Mean ERMQ and PELQ are averages of ERM quotient or PEL quotient values for all measured chemicals (metal & organic), except nickel (Ni). 
Mean Metal ERMQ and PELQ are average quotient values for all measured trace metals, except nickel (Ni; see Results Section 3.0). 

Cr is measured chromium, Cr PELQ is the measured chromium concentration divided by the PEL value (the ERM was not exceeded). 

Ni is measured nickel, Ni ERMQ and.Ni PELQ are the measured nickel concentrations divided by the ERM and PEL values. 



Mean Mean ppDDT ppDDT Total DDT Total DDT Total DBA DBA DBA . 

Station Date ERMQ PELQ PELQ Conc. ERMQ PELQ DDT Conc. ERMQ PELQ Cone. 

Paradise Cove ( I  ) 4/94 0.22 0.35 0.1 nd 0.2 0.1 6.96 0.1 0.2 30.2 

Paradise Cove (2) 4/94 0. I9 0.32 0.1 nd -0.1 0. I 6.47 0. I 0.2 26.0 

Paradise Cove (3) 4/94 0.19 0.3 1 0. I nd 0. I 0. I 5.78 0.1 0.2 24.9 

San Pablo Bay, Tubbs Is. ( I )  4/94 0.22 0.33 0. I nd 0. I 0. I 5.74 0. I 0.1 18.0 

San Pablo Bay, Tubbs Is. (2) 4/94 0.20 0.3 1 0.1 nd 0.1 0.1 6.24 0.1 0.1 18.5 

San Pablo Bay, Tubbs Is. (3) 4/94 0.19 0.30 0. I nd 0.1 0. I 6.18 0.1 0.1 17.9 

San Pablo Bay, Is. #I ( I )  4/94 0.18 0.29 0. I nd 0. I 0.1 5.76 0.1 0.1 13.3 

San Pablo Bay, Is. #I (2) 4/94 0.20 0.30 0. I nd 0. I 0. I 6.07 0. I 0. I 13.4 

San Pablo Bay, Is. #I (3) 4/94 0.20 0.3 1 0. I nd 0.1 0.1 5.95 0.1 0.1 18.0 

Paradise Cove ( 1) 3/95 0.21 0.35 0. I nd 0. I 0.1 6.50 0.5 1.010 136.0 

N. South Bay (I ) 3/95 0.17 0.28 0. I nd 0.1 0.1 4.61 0.1 0.2 23.3 

N. South Bay (2) 3/95 0.17 0.28 0.1 nd 0.1 0.1 4.39 0.2 0.3 44.5 

N. South Bay (3) 3/95 0.17 0.28 0.1 nd 0.1 0.1 4.43 0.1 0.2 30.5 

S. South Bay ( I )  3/95 0.16 0.29 0. I nd 0.1 0.1 4.76 0.1 0.2 30.0 

N. South Bay (2) 3/95 0.16 0.29 0.1 nd 0.1 0.1 3.71 0.1 0.3 34.6 

N. South Bay (3) 3/95 0.16 0.29 0. I nd 0.1 0.1 3.34 0.1 0.3 34.1 

San Pablo Bay, Tubbs Is. (I) 4/95 0.21 0.34 0.1 nd 0.1 0.1 6.61 0.1 0.2 23.1 

San Pablo Bay, Is. #I (I) * 4/95 0.27 0.37 12.1* 58.1 * 1.6* 1.4* 7 1.78* 0.1 0.1 199. 

Trace organic concentration units are ppb (nglg dry weight). ERM is Effects Range Median, PEL is Probable Effects Level (see section 10.2.1). 
ERMQ and PELQ are quotients: (measured concentration of a chemical) + (its ERM or PEL value). 
Mean ERMQ and PELQ are averages of ERM quotient or PEL quotient values for all measured chemicals, except nickel (Ni, see Results Section 3.0). 
DBA is Dibenz[a,h]anthracene. ppDDT is p',p' DDT, for which there are no ERM guidelines. *See Results Section 2.0 regarding these DDT values.* 

Total DDT is the sum of [o'p'DDDj, Ip'p'DDD]. [o'p' DDE], [p'p' DDE], [o'p' DDTl and Ip'p' DDTI; 
':I;RM Rr P1,L quotient sums calculated using [total DDTI, not DDT metabolite quotients. nd = non-detected. . 



Table 10. Toxicity data summary. Toxicity test results (mean f sd) for each 
protocol and endpoint used in this study. Data are not presented as a percent of 
control in this table, as they are elsewhere in the Results section. Sample results 
corresponded to controls marked "(I)",  with the following exceptions: fine 
sediment controls were used if available for Ampelisca tests; controls marked "(2)" 
were used for the two San Pablo Bay sites in  the 3/95 tests; brine controls were 
used for pore water samples in which salinity was adjusted; and brine controls "(2)" 
were used for San Pablo Bay pore water in 4/94 tests. 

Field 
Rep. 

1 
2  
3  
1 
2  
3  
1 
2  
3  
1 
2  
3  
1 
2  
3  
1 
2  
3  
1 
2  
3  
1 
1 
1 

Site Name 

SanPabloBay 
(Island #I) 

SanPabloBay 
(Tubbs Isl.) 

Paradisecove 

N. South Bay 

S. South Bay 

Tomales Bay 
(Marconi Cove) 

Bolinas Lagoon 
(Audubon Cyn) 

Castro Cove 
Clipper Cove 
Islais Creek 
Controls 
Home ( I )  
Home (2) 
Home (fine sed) 
Dilution ( 1 )  
Brine ( 1 )  
Dilution (2) 
Brine (2) 

Site 
Number 

20007 

20006 

20005 

20013 

20014 

20009 

20008 

20010 
20012 
20011 

Ampelisca 
% surv 
4/94 
85k17 
82*10 
9 2 & 9  
94*11 
9 5 k 7  
89*10 
82k17 
85*9 
80k20  

73 10 
76*11 
73*10 
82 + 8 
77*26 
80*15 

80 * 13 

85k12 

Eohaustorius 
% surv 
4/94 

90k12  
85*4 
95*7 
72*8 
70*6 
78*6 
79*13 
75*6 
79*11 

32k31 
53k19 
6 5 ~ 7  
8 3 2  10 
90k  1 1  
75 * 22 

9 3 k 8  

% surv 
9/94 

7 4 k 8  
74*4 
61*8 
55*18 
79*6 
69k28  
6 9 k l 0  
76*12 
89*6 

79 7  
82*6 
7 8 ~ 1 0  

29 * 14 

54 * 19 

81k10 

Homogenate 
% surv 
3/95 

8 9 2 7  
94&11 
9 2 & 8  
79* 10 
81 * I 0  
82*10 
97*5 
9 7 ~ 4  
94*7 
83 14 
98 3  
95 * 5 
87 14 
86 * 9 
8 4 ~  11 

91*11 

90 2 7 

9 1 k 9  
96 * 6 

% surv 
9/94 

88212  
86*12 
80*6 
66*39 
6 2 ~ 3 5  
7 2 ~ 1 8  
82*6 
81 2 1 6  
84*13 

7 8 i 1 0  
54*32 
8 5 2  1 1  

33*3 

57 * 14 

9 5 ~ 4  

Homogenate 
% surv 
3/95 

85k10  
90*5 
77k12 
8 0 2 4  
80k10  
81*6 
8 2 ~ 1 1  
86k13  
85*8 
76k  1 1  
82 * 14 
70 * 17 
57 * 34 
89 * 4 
68 * 39 

67*8 

80 * 15 

9 2 ~ 7  
97 * 7 



Table 10 (Continued). Toxicity data summary. Toxicity test results (mean + sd) 
for each protocol used in this study. Data are not presented as a percent of 
control in this table, as they are elsewhere in the Results section. Sample results 
corresponded to controls marked "(I)", with the following exceptions: fine 
'sediment controls were used if available for Ampelisca tests; controls marked "(2)" 
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were 
used for pore water samples in which salinity was adjusted; and brine controls "(2)" 
were used for San Pablo Bay pore water in 4/94 tests. 

Field 
Rep. 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 

2 
3 
1 
2 
3 
1 
1 
1 

v 

Site Name 

San Pablo Bay 
(Island # I  ) 

San Pablo Bay 
(Tubbs Isl ) 

Parad~se Cove 

N South Bay 

S South Ba! 

Tomales Ba! 
(Marcon1 Co\ e) 

Bol~nns Lagoon 
(Audubon Cyn) 

Castro Co\ r 
Cl~pper Co\ c 
Islais Creel 
Controls 
Home (1) 
Home (3) 
Home ( f ~ n r  sed) 
D ~ l u t ~ o n  ( I )  
B r~ne  ( I ) 

Dilut~on ( 2 )  
-Brine ( 2 )  

Site 
Number 

20007 

20006 

20005 

200 13 

200 14 

20009 

20008 

200 10 
200 12 
2001 1 

Eohaustorius 
% surv 
4/94 

90*9 

70*12 

63*29 

53229 

4 5 i 2 5  

9 7 i 5  

Intact 
% surv 
9/94 

72*16 

19*37 

6 0 ~ 3 1  

821t13 

34 * 22 

41 i 27 

9 5 i 4  

Eohaustorius 
% surv 
4/94 

6 8 i 2 3  
7 2 i  1 1  
7 6 ~ 2 2  
7 6 i 2 6  
68*23 
6 8 i 2 3  
7 6 ~ 9  
5 6 ~ 3 0  
84*17 

68+23 
68+ 18 
52k23  
80 i 20 
76 rt 9 
76 i 26 

8 0 i 1 4  

Pore 
% surv 
9/94 

8 4 ~ 9  
9 6 ~ 9  
88* 18 
88k18 
8 4 ~ 1 7  
8 8 ~ 1 8  
96*9 
76*17 
8 4 i 9  

9 6 ~ 9  
7 2 ~  1 1  
8 8 i l l  

44 i 33 

O A O  

8 4 ~ 1 7  

Water 
% surv 
3/95 

9 2 ~ 1 1  
9 6 i 9  
9 6 ~ 9  
80+20 
9 2 i 1 1  
96*9 
84*26 
7 6 ~ 1 7  
6 0 ~ 3 2  
6 4 i  17 
52 + 36 
84 A 26 
72 i 18 
7 2 i  l l  

64 i 9 

5 2 i 2 7  

48 i 23 

4 8 ~ 2 3  
48 A 30 
84 i 9 
84 * 17 



Table 10 (Continued). Toxicity data summary. Toxicity test results (mean sd) 
for each protocol used in this study. Data are not presented as a percent of 
control in this table, as they are elsewhere in the Results section. Sample results 
corresponded to controls marked "(l)", with the following exceptions: fine 
sediment controls were used if available for Ampelisca tests; controls marked "(2)" 
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were 
used for pore water samples in which salinity was adjusted; and brine controls "(2)" 
were used for San Pablo Bay pore water in 4/94 tests. 

Site Name 

San Pablo Bay 
(Island #I)  

San Pablo Bay 
(Tubbs Isl.) 

Parad~se Cove 

N South Bay 

S. South Bay 

Tomales Bay 
(Marcon1 Cove) 

Bollnus Lagoon 
(Audubon Cyn) 

Castro Cove 
Clipper Cove 
Islais Creek 
Controls 
Home ( I )  
Home (2) 
Home (f~ne sed) 
D~lution ( I )  
Br~ne ( I ) 
D~lut~on (2) 
Br~ne (2)  

Site 
Number 

20007 

20006 

20005 

20013 

200 14 

20009 

20008 

200 10 
2001 2 
2001 1 

Field 
Rep. 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 

2 
3 
1 
1 
1 

Mussel 
% normal 

4/94 
79k11  
83*9 
81 * 1 1  
8 3 i 9  
7 7 i 1 3  
9 3 i 2  
6 9 2 2 0  
65* 12 
7 7 i 5  

7 2 + 9  
78*12 
8 3 ~ 1 2  
85*10 
79* 1 1  
86*10 

7 6 i 8  
7 3 i 7  
80 + 8 
70i17 

Sea 
% normal 

4/94 
98*1 
9 6 i 3  
9 4 i 3  
9 6 i 2  
9 7 k  1 
9 5 2 2  
9 2 + 4  
90*4 
9 3 i 6  

97*2  
9 2 i 7  
7 2 i 4 1  
95 i 3 
95 i 4 
95 i 2 

9 5 i 4  
9 0 i 4  
95*2  
9 4 i 2  

Pore 
% normal 

9/94 
41 * 7  
5 2 i 7  
45*6 
2 2 k 7  
3 4 i 7  
3 1 i 8  
33*6  
2 9 i  1 1  
37*6  

25*5 
3 4 i 6  
24*10 

28 k 5 

O k O  

59*4  
6 0 i 7  

Water 
% normal 

3/95 
7 8 i 9  
7 6 k 7  
78*8 
78*8 
7 6 i 6  
7 8 i 6  
9 3 k 3  
8 9 k 3  
7 8 i 7  
89 * 5 
90 * 7 
82 i 20 
90 * 6 
92 * 5 
87 i 4  

85*6  

92 i 5 

94*7 
9 0 ~ 7  
84* 10 
8 3 i 7  

Urchin Pore 
9 normal 

9/94 
9 7 i 2  
9 4 i 3  
9 7 i 2  
9 6 2 3  
9 7 2 2  
9 7 i l  
9 4 i 5  
96*2  
9 6 2 3  

8 2 i 4  
64221 
71 i 7  

96* 1 

O i O  

9 6 2 2  
9 2 2 4  

Water 
% normal 

3/95 
95*2 
9 8 * 2  
96*1 
98*1 
9 6 i 3  
9 7 i 1  
9 5 * 2  
9 7 i  1 
98*1  
94 * 3 
9 8 i  1 
95 i 4  
98 * 0 
9 9 i  1 
97 i 1 

9 1 i 7  

94 ~k 3 

9 8 i 2  
9 6 i 2  
99 2 2 
98 2 



Table 10 (Continued). Toxicity data summary. Toxicity test results (mean A sd) 
for each protocol used in this study. Data are not presented as a percent of 
control in this table, as they are elsewhere in the Results section. Sample results 
corresponded to controls marked "(I)", with the following exceptions: fine 
sediment controls were used if available for Ampelisca tests; controls marked "(2)" 
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were 
used for pore water samples in which salinity was adjusted; and brine controls "(2)" 
were used for San Pablo Bay pore water in 4/94 tests. 

Field 
Rep. 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
1 
1 

Site Name Sea 
% normal 

4/94 ---- 
9 3 + 2  

9 5 + 2  

92 + 3 

84 * 25 

95 + 4  

99 r 1 

Site 
Number 

Urchin SWI Neanthes Homopenate 
% normal gwth (mg) gwth (%) 

9/94 
98*2 

9 4 2 2  

95 * 2 

77 2 4 3  

97 + 3 

0 i 0 

93*2  

SanPabloBay 
(Island #I ) 

SanPabloBay 
(Tubbs Isl.) 

Paradise Cove 

N. South Bay 

S.SouthBay 

Tomales Bay 
(Marconi Cove) 

Bolinas Lagoon 
(Audubon Cyn) 

Castro Cove 
Clippercove 
Islais Creek 
Controls 
Home ( I )  
Home (2) 
Home (fine sed) 
Dilution ( I )  
Brine ( I) 
Dilution (2) 
Brine (2) 

20007 

20006 

20005 

20013 

20014 

20009 

20008 

20010 
20012 
20011 

8 4 + 7  

9 3 + 4  

96 * 1 

97 + 1 

98 * 1 

9 6 2 2  

95 * 5 

98*1 
9 7 2  1 

93 + I 

100+O 
100 + 0 
76 43 
76*43 
80 + 28 
96 + 9 
88 * 27 
60+42  
92 * 18 

5 6 + 3 0  
9 6 + 9  
80 45 

100 + 0 

100+0  

100*0 

11.2* 1.2 
12.4 + 2.8 
13.7 + 4.4 
11 .5 r1 .490 .6  
1 1.8 + 3.4 
12.2 + 2.4 
11.1 + 3.6 
13.1 r 4 . 0  
9.9 r 3.6 

12.2k5.1 
10.3+3.1 
10.2 + 3.0 

12.5 r 3.5 

11.3r4.1 

12.7 + 2.5 

88.2 
97.6 
107.9 

92.9 
96.1 
87.4 
103.1 
78 

96.1 
81.1 
80.3 

98.4 

89 

100 



Table 10 (Continued). Toxicity data summary. Toxicity test results (mean * sd) 
for each protocol used in this study. Data are not presented as a percent of 
control in this table, as they are elsewhere in the Results section. Sample results 
corresponded to controls marked "(I)",  with the following exceptions: fine 
sediment controls were used if available for Ampelisca tests; controls marked "(2)" 
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were 
used for pore water samples in which salinity was adjusted; and brine controls "(2)" 
were used for San Pablo Bay pore water in 4/94 tests. 

Site Name 

San Pablo Bay 
(Island #I) 

San Pablo Bay 
(Tubbs Isl.) 

Parad~se Cove 

N. South Bay 

S. South Bay 

Tomales Bay 
(Marconi Cove) 

Boli nas Lagoon 
(Audubon Cyn) 

Castro Cove 
Clipper Cove 
Islais Creek 
Controls 
Home (1 ) 
Home (2) 
Home (fine sed) 
Dilution ( I  ) 
Brine ( I )  
Dilution (2) 
Brine (2) 

Field 
Rep. 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
I 
2 
3 
1 
2 
3 
1 
1 
1 

Site 
Number 

20007 

20006 

20005 

200 1 3 

200 14 

20009 

20008 

200 10 
20012 
2001 1 

Neanthes 
C/c  surv 
3/95 

l o o k 0  

l O O * O  

80k45  

9 6 2 9  

92 * I 1 

l o o k 0  

I00 * 0 

8 8 k I I  
100*0 

Nebalia 
% surv 
9/94 

95 * 6 

9 3 k  l l  

lOO*O 

97 * 3 

100 * 0 

97 * 5 

100+0  

Homopenate 
gwth (mg) 

3/95 
12.6k2.8 

141*0.566 .0  

1 3 . 4 k 2 9 8 5 . 0  

1 2 8 k 3 . 2 8 2 . 0  

15.3 4.5 

10.4 k 2.3 

10.5 * 1.9 

15.7*1.4100.0 
21.4k2.1 

Homop. 
% surv 
3/95 

6 5 k 1 5  

69 + 10 

70 + 16 

81 k 6  

72 + 17 

8 5 ~ 4  

gwth (%) 
3/95 

59.0 

97.0 

66.0 

67.0 

100.0 



Table 11. Spearman rank correlation coefficients for significant negative 
correlations between toxicity and natural sediment parameters. 

NS = not significant. na = not applicable (e.g. grain size in pore water tests). 
TOC is total organic carbon. 
Statistical significance: alpha 0.05*; alpha 0.01 **; alpha 0.001 *** 

Test 

Ampelisca 

Eohaustorius (Homog) 

Eohaustorius (Intact) 

Eohaustorius (Pore Water) 

Mytilus 

Sea Urchin (Pore Water) 

Sea Urchin (SWI) 

Neanthes (Survival) 

Neanthes (Growth) 

Nebalia 

TOC 

NS 

-0.570 *** 

NS 

-0.347 **  

NS 

-0.333 * 

NS 

NS 

NS 

NS 

% Clay 

NS 

-0.321 * 

NS 

na 

na 

n a 

na 

NS 

NS 

NS 

% Fines 

NS 

NS 

NS 

n a 

na 

na 

n a 

-0.475 * 

NS 

NS 

NH3 

NS 

NS 

NS 

-0.716 *** 

NS 

NS 

NS 

NS 

NS 

NS 

H2S 

NS 

NS 

NS 

-0.681 *** 

NS 

NS 

NS 

NS 

NS 

NS 



Table 12. Toxicity test sulfide and ammonia measurements above threshold values (a). 

(a) Threshold values for Unionized Ammonia derived from the following sources: 
Ampelisca Toxicity test application limit = 0.4 m g k ,  EPA 1994. 
Eohaustorius Toxicity test application limit = 0.8 mg/L, EPA 1994. 
Neanthes LOEC for Neanthes = 1.25 mgL, Dillon et a1 1993 
Nebalia Toxicity test application limit (for Rhepoxynius) = 0.4 mg/L, EPA 1994. 
Sea Urchin NOEC for S. purpuratus = 0.05 mg/L, Bay et a1 1993. 
Mussel NOEC (for red abalone larvae) = 0.05 mg/L, MPSL, unpublished data. 

a 

(b) S2- is total sulfide, NH3 is unionized ammonia. 
(c) "I" indicates measurement taken at test initiation, "F" is final at test termination. 
(d) "I" indicates measurement taken from interstitial water,"OU is from overlying water. 

Site 

SPB Island #1 
SPB Island #I 
SPB Island #I 
Bolinas Lagoon 
Tomales Bay 
Tomales Bay 
Jamales Bay 

'-creek - 

Islais Creek 
Islais Creek 
Islais Creek 
Islais Creek 
Islais Creek 
Islais Creek 
Islais Creek 
Islais Creek 

N South Bay 
N South Bay 
N South Bay 
(a) Threshold 

Measurements 
Parameter 

(b) 
S2- 
S2- 
S2- 
S2- 
S2- 
S2- 
S2- 

Ampelisca LOEC (for Rhepoxynius) = 1.47 mg/L, Knezovich et a1 1995. 
Eohaurtorius LOEC for Eohaustorius = 1.92 mgL. Knezovich et a1 1995. b . \ \+ ( 17 (r c) 
Neanthes LOEC for Neanthes = 10 mg/L, Dillon et a1 1993 
Nebalia LOEC (for Rhepoxynius) = 1.47 mg/L, Knezovich et a1 1995. 
Sea Urchin LOEC for S. purpuratus = 0.128 mgL, Knezovich et a1 1995. (. 
Mussel LOEC for M. edulis = 0.09, Knezovich et a1 1995. 

Site 
Number 

20007 
20007 
20007 
20008 
20009 
20009 
20009 

NH3 
- S2- 

S2- 
S2- 
S2- 
S2- 

NH3 -- 
S2- 

-- NH3 
I - i l l J  

NH3 
NH3 
NH3 
from the 

2001 1 
2001 1 
2001 1 

2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 

+eimHq-T=w- 
2001 3 
2001 3 
200 13 

values for 

Time 

(c) 
I 
I 
I 
I 
I 
I 
I 

Date 

Apr-94 
Apr-94 
Apr-94 
Apr-94 
Apr-94 
Apr-94 
Apr-94 

F 
I 
I 
I 
F 
I 
F 
F 
F 
T 

I 
I 
F 

following 

Test 

Mussel PW 
Urchin PW 
Urchin PW 
Mussel PW 
Mussel PW 
Mussel PW 
Urchin PW 

Sep-94 
Sep-94 
Sep-94 
Sep-94 
Sep-94 
Sep-94 
Sep-94 
Sep-94 
Sep-94 

Mar/Apr 95 
MarIApr 95 
MarIApr 95 
Total Sulfide 

from Test 
Matrix 

(d) 
I 
I 
I 
I 
I 
I 
I 

Ampelisca 
Ampelisca 
Eoh Homog 
Eoh Intact 
Eoh Intact 
Eoh PW 
Urchin PW 
Urchin PW 
Urchin SWI 

Nebalia 
Urchin SWI 
Urchin SWI 

were derived 

Chambers 
Concentratior 

(mg/L) 
0.09 
0.14 
0.159 
0.106 
0.166 
0.1 13 
0.17 

0 
I 
I 
I 
I 
1 
I 
1 
0 
I 1 

0 
1 
1 

0.721 y 
3.967 
6.164 
4.956 
2.349 
1.373 
0.478 
0.935 
0.083 
V."J A#' I 

1.835 
0.079 
0.054 

I 

J 

sources: 



Table 13. Spearman rank correlation coefficients for significant negative correlations between toxicity and 
bulk sediment chemistry. 

NS indicates the correlation was not statistically significant. 
As is arsenic. Cu is copper, Fe is iron, Sb is antimony, Zn is zinc, ppDDE is p',pl DDE, and total PCB is the sum of 18 PCB congeners. 
TOC is total organic carbon. 
Statistical significance: alpha 0.05*; alpha 0.01 **; alpha 0.001 *** 

Test 

Arnpelisca 

Eohaustorius H. 

Eohaustorius 1. 

Eohaustorius PW 

Mytilus PW 

Sea Urchin PW 

Sea Urchin SWI 

Neanthes Surv. 

Neanthes Grow. 

Nebalia 

As Cu Fe Sh Zn ppDDE Total PCB TOC 

NS NS N S N S NS NS NS NS 

-0.570 *** -0.321 * NS NS NS NS NS -0.570 *** 

NS NS NS NS NS NS NS NS 

NS -0.672 *** -0.535 *** -0.618 *** -0.581 *** -0.607 *** NS -0.347 ** 

NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS -0.608 *** -0.333 * 

-0.880 NS NS NS NS -0.755 *** NS NS 

NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS 



Table 14. Data included in additional tolerance limit calculations. All data are from 
candidate reference sites in San Francisco Bay. BPTCP is Bay Protection and . Toxic Cleanup Program; these reference sites are the same as those sampled as part of 
this study, and were sampled in conjunction with toxicity screening of Bay test sites. 
RMP is the SF Bay Regional Monitoring Program; these sites were sampled as part 
of semi-annual Bay surveys. SWI indicates sediment water interface exposures (see 
Methods Section 3.6.2). 

Site Name 

BPTCP Sites 
N. South Bay 
S. South Bay 
Island # 1 
Paradise Cove 
Tubbs Island 
Paradise Cove 
N. South Bay 
S. South Bay 
Tubbs Island 
Paradise Cove 
N. South Bay 
Island # 1 

RMP Sites 
Pinole Point 
Pinole Point 
Pinole Point 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 
San Bruno Shoal 
Horseshoe Bay 

Date 
Collected 

4/19/95 
4/19/95 
5/2/95 
5/1/95 

10126195 
10126195 
1 2/7/95 
1 2/7/95 
611 1/96 
4/4/97 

41 16/97 
41 1 5/97 

3/1/93 
9/1/93 
2/1/94 
2/1/94 
8/1/94 
8/1/94 
2/1/95 
2/1/95 
8/1/95 
8/1/95 
2/1/96 
2/1/96 
8/1/96 
8/1/96 
2/1/97 
2/1/97 

Site 
Code 

20013 
20014 
20007 
20005 
20006 
20005 
200 1 3 
200 1 4 
20006 
20005 
200 1 3 
20007 

BD30 
BD30 
BD30 
BC21 
BB 15 
BC21 
BB 15 
BC21 
BB 15 
BC21 
BB15 
BC21 
BB 15 
BC21 
BB15 
BC21 

Percent 
Eohaustorius 

Survival 

91% 
88% 
85% 
85% 
91% 
86% 
87% 
89% 

79% 
100% 
52% 

64% 
89% 
74% 
86% 
100% 
101 % 
80% 
90% 
83 % 
89% 
84% 
76% 
90% 
88% 
83% 
82% 

of Control Response 
Sea Urchin 
Pore Water 

122% 
55% 
101 % 
100% 
105% 
3% 
0% 

102% 

Normal Larvae 
SWI 

103% 
97 % 
100% 
90% 



Table 15. Tolerance limits, presented as survival or normal development as a 
percentage of test controls, based on reference site toxicity data from this study, 
BPTCP screening studies, and the RMP, with outliers removed. The "p" value 
indicates the percentile of the reference distribution used to generate the tolerance 
limit. Tolerance limits based on calculations using multiple sources of variation 
are appropriate for the current study; non-parametric limits and limits based on 
calculations using a single source of variation are shown for comparison. All limits 
were calculated based on an alpha level of 0.05. See Methods Section 10.3 for 
details. "nc" indicates limit was not calculated. 

Test 

Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Ampelisca 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 
Eohaustorius Homog. 

p value 

1% 
2% 
3% 
4% 
5% 
6% 
7% 
8% 
9% 
10% 
12% 
14% 
16% 
18% 
20% 
1% 
2% 
3% 
4% 
5% 
6% 
7% 
8% 
9% 
10% 
12% 
14% 
16% 

Limits 
Non-Parametric 

28.7 
nc 
nc 
nc 

57.9 
nc 
nc 
nc 
nc 

75.3 
nc 
nc 
nc 
nc 
nc 

40.4 
nc 
nc 
nc 

63.9 
nc 
nc 
nc 
nc 

65.3 
nc 
nc 
nc 

Tolerance 
Parametric 

Sources of 
Multiple 

54.7 
59.1 
61.6 
63.7 
65.3 
66.6 
67.9 
68.9 , 

69.9 
70.9 
72.5 
73.9 
75.1 
76.3 
77.5 
58.7 
61.5 
63.3 
64.2 
65.5 
66.7 
67.5 
68.2 
68.8 
69.5 
70.6 
71.5 
72.2 

Variation: 
Single 
64.7 
68.1 
70.3 
72.0 
73.3 
74.4 
75.4 
76.3 
77.1 
77.8 
79.1 
80.2 
81.3 
82.2 
83.1 
61 .O 
63.7 
65.4 
66.7 
67.7 
68.6 
69.3 
70.0 
70.7 
71.2 
72.3 
73.2 
74.0 



Table 15. Continued. 
Test I p value I Tolerance 

Eohaustorius Homog . 
Eohaustorius Homog. 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Intact 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Eohaustorius Pore Water 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 

Single 
74.7 

Limits 



Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Mussel Larvae 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae PW 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 

[sea Urchin Larvae SWI I 10% 

Tolerance Limits 

Multi le Sin le -+++ 
Parametric 

Sources of Variation: 
Non-Parametric 



Table 15, Continued. 
Test 1 p value I 

Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Sea Urchin Larvae SWI 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Survival 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Neanthes Growth 
Nebalia 

Parametric on-Parametric 
Sources of Variation: 
Multiple 

87.4 
88.0 
88.6 
89.2 
89.6 
-5.9 
2.1 
9.1 
13.6 
17.2 
19.0 
22.2 
23.3 
26.7 
27.5 
31.8 
33.5 
36.7 
40.3 
42.4 
-1.5 
8.5 
13.6 
18.4 
22.8 
25.4 
28.1 
30.6 
32.8 
34.4 
37.6 
40.6 
43.3 
45.7 
47.9 
-4.6 



Table 15. Continued. 

Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 
Nebalia 

p value 

Multiple 
5.5 

Tolerance Limits 

Single 
- z r + Y -  

Parametric 
Sources of Variation: 

Non-Parametric 



Table 16. Variance components: factors affecting variation in reference site toxicity data, and the percentage of 

variation accounted for by each factor. Values are computed from all data (this study, BPTCP screening studies, and 

SF Bay Regional Monitoring Program), with outliers excluded. Means and sd are given as a percentage of controls. 

Naive SD is the commonly used standard deviation, used to calculate tolerance limits with naive variance; SD is the 

standard deviation used in the bootstrap calculations, and is the square root of the sum of space, time, interaction, and 

rcpl icate variance components (see Methods Section 10.3). 

Protocol 

Ampelisca 

Eohaustorius (homog) 

Eohaustorius (intact) 

Eohaustorius (pw) 

Mussel 

Sea Urchin (pw) 

Sea Urchin (swi) 

Neanthes Survival 

Neanthes Growth 

Nebalia 

Time 

14% 

0% 

0% 

51 % 

36% 

, 53% 

37% 

30% 

1 3% 

38% 

Mean 

96 

85 

74 

108 

101 

102 

98 

9 1 

88 

88 

Variance 
Space 

0% 

10% 

45% 

31% 

0% 

0% 

1% 

25% 

0% 

0% 

Population Parameters 
Naive SD 

10.3 

8.5 

11.8 

20.3 

1 1  -4 

2.5 

4.7 

13.6 

13.5 

9.3 

SD 

11.7 

9.1 

12.9 

25.9 

15.4 

2.8 

4.8 

21.3 

20.2 

16.6 

Components 
Interaction 

45% 

32% 

55% 

0% 

47% 

16% 

62% 

0% 

65% 

6 2 O/O 

Error 

41 % 

58% 

0% 

18% 

17% 

31 % 

0% 

45% 

2 2 O/O 

0% 



Discussion 

1.0 EVALUATION OF SEDIMENT REFERENCE SITES IN SAN FRANCISCO BAY 

1.1 Sediment Chemistry 

It is unlikely that there are any pristine sites in San Francisco Bay that would be indicative of pre- 

industrial conditions. All candidate reference sites evaluated in this study had detectable levels of 

numerous anthropogenic chemicals (Appendix A). All sites had nickel concentrations above PEL 

and ERM values (Probable Effects Level [MacDonald, 19941 and Effects Range Median [Long et 

al., 1995]), and all sites had chromium concentrations above PEL values. It is likely, however, 

that nickel and chromium were derived primarily from natural geologic sources, such as 

serpentine rock formations. Flegal et al. (1994) found that the concentrations of chromium and 

nickel in San Francisco Bay sediments were generally below their average crustal abundances, 

indicating they were not significantly enriched through human activities. 

The polycyclic aromatic hydrocarbon (PAH) Dibenz[a,h]anthracene was measured at a 

concentration slightly above the PEL value (but below the ERM value) in one sample from 

Paradise Cove (Station 1,3195; Table 9). That sample did not elicit toxicity with any of the test 

protocols (Table 10). One sample from San Pablo Bay Island #1 had p'p'DDT and total DDT at 

concentrations well above both the ERM and PEL values (Table 9). Both of these samples were 

collected during the heavy storm events of March and April, 1995, and the elevated 

concentrations may have been associated with storm water runoff. However, in a replicate 

analysis of the Island #1 sample there was no detectable p'p'DDT or total DDT, though 

concentrations of other analytes were consistent with the original analysis (see Results Section 

2.0). The distribution of DDT within this sample was apparently highly variable, and the 

original measurement may have detected a small amount DDT embedded within small sediment 

particles. Therefore, the toxicological significance of the measured DDT at Island # I  is 

uncertain. 

The ERM values that were exceeded in some reference site samples from this study were among 

those for which Long et al. (1995) had limited confidence. ERM values for nickel, p,pt-DDT 

and total DDT were judged to have relatively low accuracy. Both nickel and the DDT 

con~pounds had low incidences of effects in studies where sediment concentrations were above 

the ERM. Chromium had high incidences of effects at concentrations above the ERM value, but 

this \\)as exaggerated by data from multiple tests performed at only two sites (Long et al., 1995). 

Anderson et al. (1995) found that San Francisco Bay pore water had to be spiked with nlckel to 

concentrations well above ERM values to elicit toxicity. The lack of significant toxicit!, in the 



San Francisco Bay reference site samples with elevated nickel, chrolnium and/or DDT 

concentrations is, therefore, not without precedent. Because nickel was presumed to be derived 

primarily from natural sources, and because the measured nickel concentrations were below 

those expected to elicit toxicity (Anderson et al., 1995), nickel ERM quotients were excluded 

from the quotient means used to indicate the relative degree of pollution at the reference sites. 

Since all sites had detectable levels of numerous chemicals, guideline quotient mean values were 

used as relative measures of the overall pollution at each site (see Methods Section 10.3.1). As 

above, guideline quotient values for nickel were not used in determining quotient means. The 

PEL quotient means for candidate reference sites ranged from 0.28 to 0.37. ERM quotient 

means ranged from 0.16 to 0.27. ERM quotients for the three RMP sites included in Reference 

Envelope calculations ranged from 0.09 to 0.1 1 .  The highest mean quotient values came from 

the San Pablo Bay Island #1 site, primarily as a result of high DDT measured in one of four 

samples from that site (Table 9). Use of guideline quotient means in the evaluation of sediment 

contamination has been limited, and interpretation is preliminary. In a recent study of San Diego 

Bay conducted as part of the Bay Protection and Toxic Cleanup Program (BPTCP), reference 

sites selected for use in statistical analyses of toxicity test data had ERM quotient means ranging 

from 0.065 to 0.252, and PEL quotient means ranging from 0.1 16 to 0.404 (Fairey et al., 

1996). The ERM quotient means for all other samples analyzed in that study ranged from 0.088 

to 2.373, and PEL quotient means ranged from 0.150 to 3.082. Four sites were identified in the 

San Diego study as having both toxic sediments and degraded benthic communities. For these 

four sites, the ERM quotient means averaged 1.47 (+ 0.76) and PEL quotient means averaged 

1.92 (i 1.01). All sites in that study having ERM quotient means greater than 0.55 had benthic 
communities that were classified as degraded (Fairey et al., 1996). The ERM and PEL quotient 

means from the five candidate reference sites in San Francisco Bay were low relative to quotient 

means from degraded sites, though some were higher than those from reference sites in the San 

Diego study. Excluding nickel and chromium, there were two San Francisco Bay reference site 

samples out of eighteen analyzed that had single chemical concentrations exceeding ERM andlor 
PEL values (Table 9), and numerous anthropogenic chemicals were detected at every site. The 

candidate San Francisco Bay reference sites, therefore, are clearly not pristine, but they may 

represent the best current characterization of optimal ambient conditions likely to be found in the 

Bay with reasonable sampling effort. 

1.2 Salinity, Grain Size, and Total Organic Carbon 

Salinity varied among sampling periods, especially in samples from San Pablo Bay, where pore 

water salinity ranged from 2% to 25% (Table 3). For all SF Bay reference site samples, the 
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salinity range (2 to 30%0) was fairly large, and was probably sufficient for comparisons with 

most test sites. Grain size distributions were similar to those at depositional sites suspected of 

having pollutant levels capable of producing biological impacts (e.g., Islais Creek, Castro Cove; 

Figures 16 to 23). All of the reference sites had high percentages of silt and clay. Because fine 

grained sediments are capable of scavenging and sequestering trace metals and other pollutants, it 

is important to have fine-grained reference sediments so that interpretation of observed 

differences in toxicity among sites can be attributed to factors other than grain size. TOC was 

relatively consistent among reference sites and test sites such as Castro Cove and Clipper Cove. 

Islais Creek sediments, which have received organically enriched effluents, had about twice the 

TOC content as reference site sediments. 

The three RMP sites included in Reference Envelope calculations had generally larger grain size 

and lower TOC than did the reference sites evaluated in this report. Over two seasons (1996), 

percent fines (silt plus clay) and percent TOC, respectively, averaged 60% and 1.3% at Point 

Pinole, 36% and 0.8% at Horseshoe Bay, and 72% and 1.0% at San Bruno Shoal (SFEI, 1997). 

1.3 Benthic Community Analyses 

Sediment quality is commonly characterized using a triad approach that includes measures of 

chemistry, toxicity, and benthic community ecology (Chapman et al., 1987). Ideally, reference 

site sediments should be characterized using all three types of measurements. In San Francisco 

Bay, however, salinity fluctuations and invasions by exotic species have made it difficult to 

routinely characterize benthic communities (Nichols and Thompson, 1985), and this complicates 

efforts to make inferences about pollution impacts. Relationships between pollution levels and 

benthic community assemblages in San Francisco Bay have recently been the focus of SF Bay 

Regional Monitoring Program (RMP) pilot studies. Through cooperative efforts, these studies 

have included analyses of the reference sites at San Pablo Bay Island #1, Tubbs Island, and 

Paradise Cove. The results of these studies are presented in the RMP 1996 report (SFEI, 1997). 

That report states that firm conclusions about the condition of the benthos of the Estuary related 

to sediment chemistry cannot be made at this time, but the available data for the three reference 

sites indicate possible pollution effects. The San Pablo Bay Island #1 site had higher percentages 

of species characteristic of impacted sites, and lower percentages of species characteristic of 

unimpacted sites, than were observed in many other sites sampled during the RMP study. This 

suggests that the benthic community there may be affected by pollutants. The opposite 

indications were found at Paradise Cove, which apparently has a relatively unimpacted benthic 

community. The third reference site analyzed, Tubb's Island, was intermediate between the two 

in terms of both positive and negative ecological indicators. Of the three RMP sites included in 



Reference Envelope calculations, Point Pinole appeared to have a moderately impacted benthic 

community, with indicator species distributions similar to Island #1. The benthic fauna of 

Horseshoe Bay and San Bruno Shoal appeared to be less impacted. These data, though 

preliminary, tend to characterize the reference sites as neither pristine nor severely impacted. 

1.4 Toxicity Data 

Toxicity test results have been used in previous studies to select and evaluate reference sites 

(PTI, 199 1). However, without knowledge of the causes of sediment toxicity, it may be 

inappropriate to base reference site selection solely on the results of toxicity tests. Unexplained 

toxicity has been described in sites remote from sources of pollution (Long et a]., 1990; PTI, 

1991), and toxicity due to non-anthropogenic factors may be possible, though to our knowledge 

this has never been demonstrated. If reference sites are selected in advance of the sampling 

events in which they will be used for comparison with test sites, it seems reasonable for the 

selection process to include available toxicity data along with chemical, ecological, physical, and 

geographical information. Selection of reference sites based strictly on picking the least toxic 

sites from a single sampling event is difficult to justify. 

In this study, nine toxicity test protocols were used in the evaluation of potential reference sites. 

Three of these protocols were included for specific study objectives, such as screening for TIES 

or evaluating the effects of natural factors (Eohaustorius in porewater, Eohrritstorius in intact 

cores, and Nebalicr). As discussed below, the results from these three tests were variable and of 

limited use in reference site evaluation. Results from the other six protocols (Anzpelisccr, 

Eohaustorius, and Nea~zthes in homogenized sediment, mussel and sea urchin larvae in pore 

water, and sea urchin larvae at the sediment water interface) indicate generally high rates of 

survival, growth, or larval development at the reference sites (Figures 9 to 13). There were 

exceptions to this trend. Growth rates of the polychaete worms (Neci~ltlles) were between 59% 

and 66% of the control value in samples from the two San Pablo Bay sites collected in Spring of 

1995 (Figures 9 and 10, Table 10). The results of Nearzthes growth tests did not correlate with 

any of the physical or chemical parameters measured, and the cause(s) for this response are not 

known. Survival of amphipods was depressed in individual field replicate samples, especially 

those from San Pablo Bay reference sites (Table 10). Eollaustorilrs data from all sites correlated 

with arsenic, copper, TOC, and percent clay. However, shifts in grain size and TOC at the San 

Pablo Bay sites did not appear to be related to the occasional observed decreases in survi\lal 

(Figures 16 and 17; Appendix A), and there were no chemical analyses conducted on samples 

collected in the September 1994 survey, when most of the lower survival results were observed. 

For all San Francisco Bay reference site samples, larval developn~ent tests in pore water and at 



the sediment water interface produced results similar to those in test controls. In general, the 

toxicity test results from reference site samples indicated no severe toxicity, slight to moderate 

toxicity in some samples from the two San Pablo Bay sites, and high rates of survival, growth 

and normal development at the remaining S.F. Bay sites. These trends are consistent with those 

from available chemical and ecological data, and indicate that some reference sites may exhibit 

moderate toxicity, but as a Bay-wide group they are probably representative of the least impacted 

conditions likely to be encountered in surveys of San Francisco Bay sediments. 

Additional toxicity data from BPTCP screening surveys and RMP sampling were used in 

calculating sediment toxicity tolerance limits (see Table 14 and Discussion Section 3, below). 

Some of these data were identified as outliers, as will be discussed. 

1.5 Tomales Bay and Bolinas Lagoon 

Tomales Bay and Bolinas Lagoon were not used in calculations of reference envelope tolerance 

limits for San Francisco Bay. These sites may not be representative of San Francisco Bay 

sediment conditions (see for example Figure 2l), and past and present data indicate the 

occurrence of unexplained toxicity at these-sites (Flegal et al., 1994; Long et al., 1990; Table 

10). As reference sites identified within San Francisco Bay appeared suitable for comparison 

with test sites there, the need for further investigation and use of remote reference sites 

diminished. 

2.0 EVALUATION OF TOXICITY TESTS 

2.1 Tests with the Amphipod Eohnustorius estuarirrs 

Eohnusrorilts tests conducted according to the standard protocols (ASTM, 1993; USEPA, 1994) 

in homogenized solid-phase sediment met all criteria for toxicity test methods appropriate for use 

in San Francisco Bay as defined in this study. Control response was acceptable in all trials, the 

test was able to distinguish between sites with low and high concentrations of pollutants, there 

was low variability among laboratory replicates, and Eohaustorius is euryhaline. This amphipod 

has reasonable tolerance to ammonia and hydrogen sulfide (USEPA, 1994; Knezovich et a]., 

1995), and is more tolerant of fine grained sediment than the commonly tested amphipod 

Rhepoxynius abrorli~ts (USEPA, 1994). In this study, however, Eohaustorius survival 

correlated negatively with sediment clay/colloid content, especially in samples from Tomales 

Bay, and may be negatively affected by very fine grained sediment. 

The Eohrtustori~rs test in pore water had poor control survival and high variability. This test was 

not intended to be used to determine sediment toxicity at test sites, however, but rather to 



investigate relationships between toxicity and chemistry through TIES. The low control survival 

rates in some runs of this test were likely the result of stress to this infaunal organism caused by 

exposure to the water-only test conditions for extended periods (10 days). 

The Eoltaustorius test in intact cores had poor control survival and high variability. Intact cores 

were used in this study for comparison with homogenized samples to investigate the effects of 

sample homogenization. Homogenization of test sediments disrupts chemical equilibria and 

oxidation state, possibly causing artifacts that might influence test results. In this study, 

however, carnivorous annelids much larger than the test amphipods were occasionally observed 

in the intact core samples. These predators (and other organisms) are probably destroyed during 

the homogenization process, but predation may have had a significant effect on results of intact 

core tests. Elimination of interferences from other organisms in intact samples is the current 

obstacle to successful use of this exposure system for amphipods. Attempts have been made to 

eliminate interfering organisms through freezing and gamma irradiation of intact samples (Day et 

al., 1995), and other techniques such as use of microwaves or temporary elimination of 

dissolved oxygen may prove effective. Pursuit of these techniques would be worthwhile only if 

they were shown to be less disruptive than homogenization. 

2.2 Tests with the Amphipod Ampelisca abdira 

Control acceptability in tests with Ampelisca varied with organism source. While Ampelisca 

collected from San Francisco Bay have been tested successfully by other laboratories, tests using 

these organisms at MPSL resulted in control survival between 80 and 90%, less than the 90% 

criterion, despite previous experience with the protocol (> 5 sets of samples tested). Control 

sur\~ival of greater than 90% was achieved in both tests in which A~~ipelisca were obtained from 

the east coast. The Arnpelisca test (ASTM, 1993; USEPA, 1994) distinguished sites having low 

and high concentrations of pollutants, demonstrated low variability among laboratory replicates, 

and was not affected by fine-grained sediments. This species is moderately tolerant of ammonia 

and hydrogen sulfide (USEPA, 1994; Knezovich et a]., 1995). Ampelisca have been introduced 

to San Francisco Bay, and often occur in extremely high densities (Nichols and Thompson, 

1985; SFEI, 1997), but Ampelisca is not as euryhaline as Eohaustorius. 

2.3 Tests with the Mussel Mytilus spp. 

The Mj,tilirs larval development test in pore water met most test acceptability criteria. Four of 

five test series conducted in this study had acceptable control response. Unfortunately, the test 

series nrith unacceptable control response contained the Isiais Creek and Castro Cove samples. 

so this evaluation of test sensitivity could not be made. This test is known to be sensitive to a 



number of toxicants, however (e.g., Martin et al., 1981). Mytilus are more tolerant of estuarine 

salinities than are sea urchins, allowing their use in unadjusted pore water samples from a 

potentially larger portion of Bay sites, especially in site-specific studies. Salinity adjustment was 

often necessary in this study, however, because of the desire to test all samples from a given 

survey at the same salinity. Since salinity adjustment with brine involves different levels of 

sample dilution depending on original salinity, the results of porewater tests were often not 

directly comparable between sites. Mytilus is native to San Francisco Bay. The larvae are 

sensitive to hydrogen sulfide (Knezovich et al., 1995) and ammonia, which makes mussel test 

results difficult to interpret when these compounds are present at moderate concentrations. 

2.4 Tests with the Sea Urchin Srrongylocentrorus purpurntus 

Sea urchin tests in pore water and at the sediment-water interface (SWI) had acceptable control 

response in all trials and low variability among laboratory replicates. While the two tests were 

strongly affected by samples from Islais Creek, hydrogen sulfide concentrations in those samples 

were sufficient to cause the observed result. However, TIES demonstrated that this species was 

sensitive to Islais Creek samples even after ammonia and hydrogen sulfide concentrations were 

reduced to non-toxic levels (Hansen, 1996). Samples from Castro Cove were not toxic to the 

sea urchins. Tests with this species have been shown to be sensitive to a variety of toxicants 

(Bay et a]., 1993). Many estuarine samples require salinity adjustment for pore water testing 

with Strongylocentrotus, which is a marine species. Since salinity adjustment with brine 

involves different levels of sample dilution depending on original salinity, the results of 

porewater tests were often not directly comparable between sites. Sea urchin larvae are sensitive 

to ammonia (Bay et al., 1993) and hydrogen sulfide (Knezovich et al., 1995). These chemicals 

can be accurately measured (Phillips et al., 1997) and removed from samples prior to testing, but 

selective removal is not always practical in survey studies, and other chemicals may be removed 

in the process. The sea urchin test did not appear to be affected by grain size, since larvae were 

not exposed to particles directly. 

2.5 Sediment-Water Interface (SWI) Tests 

Testing embryo/larval stages at the sediment-water interface offered some advantages over 

porewater testing. SWI tests were conducted on solid-phase samples with less than marine 

salinity because 33% overlying water was used. The salinity range for the SFTI method has not 

been firmly established, but it probably could be used on samples from throughout the Bay. 

Salinity adjustment was uniform for all samples, because overlying water from the same source 

was used for all samples regardless of original sample salinity. This allowed direct comparability 

of results from different sites. Use of SWI exposure systems decreased the effects of ammonia 



and hydrogen sulfide relative to porewater exposures (Table 12). This system may not be as 

protective of sensitive interstitial organisms, since chemical concentrations may be higher in 

sediment porewater than at the interface. It is likely, however; that SWI tests provide a more 

. realistic sediment exposure for the developing echinoderm and bivalve embryos used in this 

study; they do not naturally occur in porewater, but are very likely to undergo some embryo 

development in contact with the sediment surface (Anderson et al., 1996). 

2.6 Tests with the Polychaete Worm Neanthes arenaceodentata 

The Neanrhes test met control acceptability requirements in two of three sets of tests. Neanthes 

survival was significantly negatively correlated with the percentage of fine-grained sediment at 

the reference sites. While previous studies relating Neanthes growth and survival to sediment 

grain size have indicated a broad tolerance to sediments composed of 5 to 100% sand (Dillon et 

al., 1993), many of the reference sites had very fine grained material (Figures 16 to 23), perhaps 

beyond the range previously described. Neanthes has been shown to be tolerant of high 

ammonia and hydrogen sulfide concentrations (Dillon et al., 1993), and was not affected by 

sediments with high concentrations of these compounds in this study (e.g.. Islais Creek, Figure 

26). The Neartrlzes test can be conducted at salinities as low as 20%0 (Dillon et al., 1993), 

allowing its use on sediments from throughout much of the estuary. Previous data suggest that 

the Nectrtthes test is less sensitive to a variety of toxicants and sediments than are the tests 

discussed above (Reish and Gerlinger, 1984; Anderson et al., 1998). In the present study, the 

Neanthes test made no distinctions between suspected polluted sites (Islais Creek and Castro 

Cove) and reference sites (Figure 26). High concentrations of ammonia and sulfide may have 

been responsible for Islais Creek sample toxicity in tests with some other species, but 

preliminary toxicity identification evaluations (TIES) indicated that other chemicals were present 

in concentrations toxic at least to sea urchins (Hansen, 1996). The Neanrhes test was apparently 

insensitive to ammonia, hydrogen sulfide, and other toxins in this sample. This relative 

insensitivity makes the test less useful in identifying sediments capable of producing biological 

effects, but could be advantageous at heavily polluted sites where high ammonia and sulfide 

concentrations preclude the use of other protocols. 

2.7 Tests with the Leptostracan Crustacean Nebalia pugetensis 

The Leptostracan crustacean Nebalia pugetensis was used in 10-day solid phase sediment tests 

because initial experiments indicated a high level of tolerance to hydrogen sulfide. Control 

survival failed to meet acceptability criteria in two of three tests, due primarily to poor organism 

condition at test initiation. It is likely that continuing effort could result in an adequate supply of 

acceptable test organisms, but this effort would have to be warranted by a demonstrated 



advantage to using this test. The Nebalia test did not respond to the Castro Cove or Islais Creek 

sediments, validating its tolerance to ammonia and sulfide, but calling into question whether the 

test is sensitive enough to be useful in identifying problem sites. No further program effort is 

planned for test development with this species. 

2.8 Correlations Between Sediment Chemistry and Test Results 

Results of tests with Eohaustorius and sea urchins correlated significantly with contaminant 

concentrations at reference sites (Table 13). However, the biological significance of these 

correlations must be limited because of the generally low toxic response observed and the 

generally low concentrations of measured chemicals. Of the tests conducted, the Eohausrorius 

pore water test had the greatest variation in response, providing greatest resolution to allow 

statistically significant correlations. 1t is also possible that amphipod stress in water-only 

exposures increased sensitivity to the low concentrations of measured contaminants in correlation 

analyses. 

Sea urchin and Eohaustorius test data also correlated with concentrations of total organic carbon 

(TOC). This result was similar to that observed in San Francisco Bay samples by Flegal et al. 

(1994). Many trace metals and non-polar organic compounds have an affinity for suspended and 

dissolved organic carbon, and TOC concentrations often covary with concentrations of a number 

of contaminants. Therefore, in large and diverse data sets, TOC often remains the last factor 

significantly correlated with toxicity, because it is present at all sites, while toxic covariants 

change from site to site. 

The key to understanding relationships between sediment chemistry and toxicity is 

bioavailability. As in most sediment assessments, bulk sediments, rather than pore water, were 

analyzed chemically.in this study, allowing greater uncertainty regarding partitioning and 

bioavailability of contaminants. Concentrations of acid volatile sulfide (AVS) were not 

measured, though AVS has been useful in interpreting relationships between toxicity and 

concentrations of some cationic metals in anaerobic sediments. 



3.0 REFERENCE ENVELOPE TOLERANCE LIMITS FOR SEDIMENT TOXICITY 

3.1 Statistical Analysis in Support of Program Goals 

Monitoring and assessment data are generally collected and analyzed to provide information 

necessary for resource management, with the selection of study designs1 and statistical analyses 

based on program objectives. One of the primary objectives of the Bay Protection and Toxic 

Cleanup Program (BPTCP) is to identify and prioritize toxic hot spots, localized areas where 

pollution impacts are greater than in surrounding water bodies. To accomplish this objective in 

San Francisco Bay, the program has sought to characterize potential hot spot sites, to characterize 

the optimal ambient condition of the surrounding water body, and to develop a statistical 

approach to determine whether conditions at test sites are significantly worse than those expected 

in less affected areas of the Bay. Using reference site toxicity data to characterize optimal 

ambient conditions in the San Francisco Bay, we have investigated the use of Reference 

Envelope tolerance linits to determine which test sites were significantly more toxic than 

expected of Bay reference conditions. The tolerance limits based solely~on reference site data 

were used as a relative standard against which to compare the mean toxicity test result from test 

samples. The mechanics of this approach are described in Methods Section (10.4). 

This approach is distinct from those used for other monitoring objectives. For many objectives, 

such as determining the general'state of an entire water body, or to simply determine.whether a 

test sediment will have an adverse effect on test organisms, sample toxicity test results can be 

compared to those from control sediments using simple t-tests or other standard statistical 

methods (e.g., Schimmel et al., 1994). These tests often consider only the variance among 

laboratory replicates in determining the statistical significance of differences between samples and 

controls. The reference envelope method considers variance from all factors that night affect test 

results, including anything affecting differences among sites and among sampling events. If 

reference sites can be assumed to be free of anthropogenic che~nicals at concentrations affecting 

test results, then any difference between test sites and reference sites detected by this approach 

should be due to pollution effects at test sites. For this reason, selection and evaluation of 

reference sites is critical to the usefulness of the Reference Envelope approach. 

3.2 Evaluation of Factors Affecting Tolerance Limit Calculations 

Tolerance limits varied widely depending on the toxicity test protocol, the tolerance limit "pH 

value, the mean and variance in the reference site data set, the distribution of variance (among 

space, time, interaction and replicate components). the exclusion of outiliers, and the number of 

data points (n) included in the analysis (Figures 27 through 39). Many of these factors are 

interconnected, as in cases where certain protocols produced more highly variable data and lower 



mean response. The effects of various data characteristics on resulting tolerance limits are 

. considered in Results Section 4. 

3.3 Constraints on Application of the Reference Envelope 

Data from some toxicity test protocols used in this study produced tolerance limits that were 

either too low or too high to be considered useful. In cases of extremely high variance, negative 

values were generated for some tolerance limits (e.g., Figure 30), meaning that no possible test 

result could be considered significantly toxic. Applying such tolerance limits in support of 

management decisions is clearly inappropriate. In the case of Figure 30, the test protocol was 

not intended for monitoring applications (and was likely affected by the presence of predators in 

the intact cores), and the resulting tolerance limits should be disregarded on that basis. Similarly 

unacceptable tolerance limits could be produced in water bodies lacking unpolluted conditions, 

where any possible "reference sites" would produce samples causing toxic effects on test 

organisms. A water body that is uniformly toxic should not be considered free of toxic hot spots 

based on misapplication of the Reference Envelope approach. 

In cases where tolerance limits are very high (such as in Figure 33), it is possible that statistically 

significant distinctions could be made where there is little reason to believe biologically 

significant differences exist, A tolerance limit of 95% of the control is indicative of low 

variability in response among reference sites, but may be too high to be useful in identifying 

toxic sites. In such cases, the "detectable difference" specific to the test protocol is a reasonable 

alternative standard for identifying sample toxicity (Thursby et al., 1997). This detectable 

difference is the difference from the control that a given protocol is capable of detecting as 

statistically significant in 90% of the samples tested. Thursby et al. (1997) identify a value of 

80% of the control as the detectable difference for the Astpelisca test, and similar values have 

been derived for BPTCP test data. Current BPTCP detectable difference (90th percentile MSD) 

values for some tests used in the BPTCP include: 75% of control for Eohausrorius, 77% of 

control for Rllepo.rjni/rs, 78% of control for sea urchin embryollarval development, 59% of 

control for sea urchin embryollarval development in SWI exposures, 80% of control for nlussel 

embryollarval development, 64% of control for Nenritkes survival, and 44% of control for 

Nea~lthes growth and 90% of control for abalone en~bryollarval development (MPSL data for 

data sets ranging from 109 to 720 sediment tests, depending on protocol). 

The number of reference site data points is a major factor affecting the tolerance limit calculation. 

For studies with a single source of variance, such as for a number of sites sampled at a single 

time, examination of the Reference Envelope "g" statistic indicates that a minimum of six 



reference site data points is probably necessary for calculation of reasonable tolerance limits. 

However, tolerance limits based on less than 20 reference site samples should be considered with 

caution, since smaller data sets result in increasingly lower tolerance limits. For tolerance limits 

calculated from data sets with multiple sources of variation, such as multiple sites sampled over 

multiple times, as is often the case, the tolerance limit calculations depend on bootstrapping 

techniques, and it would be difficult to estimate the minimum number of reference site samples 

necessary for calculation of reasonable tolerance limits. The tolerance limits in the present study 

were calculated for data sets with from 6 to 60 samples (Eohausrorius in intact cores and in 

homogenized sediment, respectively; Figures 30 and 29). 

3.4 Treatment of Outliers 

Variation among reference site results is another major factor affecting tolerance limit values, and 

this can be strongly influenced by the presence or removal of outliers in the data set (Figure 34a, 

b, and c). Sediment toxicity has been observed in many studies where concentrations of 

measured chemicals were low relative to known toxic concentrations (e.g. Long et a]., 1990; 

USEPA, 1986), and low test results from reference sites were observed in the BPTCP screening 

surveys included here, especially in sea urchin pore water tests. These outliers were identified 

using a conservative technique for extreme outliers (Tukey, 1997; Methods Section 10.4.4). In 

some cases, determination of appropriate tolerance limits may depend on outlier removal. A test 

site that produced a low toxicity test value would not likely be identified as a hot spot on the basis 

of a single measurement, and subsequent non-toxic' results would generally establish the single 

low value as an outlier, reducing regulatory concern for that site. Similar removal of outliers 

from the reference population is probably necessary to adequately characterize reference site 

conditions and allow calculation of reasonable tolerance limits. 

3.5 Selection of Reference Envelope "p" Values 

The Reference Envelope "p" value determines what percentile of the reference distribution is 

designated as unacceptably toxic. A "p" value of 10 establishes the tolerance limit such that there 

is 95% certainty that a value lower than the tolerance limit would be in (or below) the most toxic 

10% of san~ples collected from the water body that was characterized by the reference sites. An 

advantage of the Reference Envelope approach is that resource managers may select the percentile 

considered unacceptable for a given assessment situation. Selection of the "p" value should be 

based on the overall level of pollution in the entire water body, on the degree of certainty that 
. . 

available reference sites adequately characterize optimal conditions existing in the water body, 

arid on the social impacts of decisions regarding site characterization. If the entire water body is 

known to be affected by anthropogenic chemicals, the extreme situation would be to designate 



the entire water body for management attention. This clearly would not require statistical 

analysis. The less extreme case would be to use a high "p" value, such that the most toxic 20% 

or more would be considered worthy of regulation. In the opposite case, where the water body 

is generally very free from pollution, a low "p" value (such as 1) would be appropriate to identify 

only the very few sites where pollution impacts may be worth investigating. 

If reference conditions are well characterized, with numerous reference sites sampled under a 

variety of conditions, then there will be more confidence that the "p" value chosen will allow 

accurate discrimination at the chosen level of concern. If there is greater uncertainty regarding 

reference conditions, "p" values may have to be adjusted up or down, depending on the 

environmental or economic consequences of mistakenly characterizing test sites. If the water 

body contained critical habitat for endangered species, for example, and reference sites were 

poorly characterized, managers might choose to investigate a greater number of sites (higher "p" 

value) then would be necessary if more were known about optimal water body conditions. On 

the other hand, if social costs for investigation, litigation, and/or cleanup of designated sites were 

very high, uncertainty about optimal ambient conditions might warrant adjusting "p" values 

down to limit the number of sites considered. 

While considering all of these factors in the designation of a component of a statistical test ("pH) 

may seem unusual. it is no more subjective than selecting the sample size, level of replication, 

and alpha \lalues that determine the results of more commonly used statistical tests. In the 

Reference Envelope calculation, however, this decision can be made deliberately, based on 

program objectives. rather than left i~nintentionally to statistical convention or logistical 

constraints. 
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HO1,MAS-AlrDlJT30N CYN.-REP 2 
1301 .MAY-Al.DIIBON CYN.-REP 3 
PARIWISE COVE-REP 1 
1'ARNIISli COVI-KEP 2 
1'ARAI)ISE COVE-RKP 3 
T0MN.F.S HAY-MARCONI COVI-REP I 
l'( )hlN.ES HAY-MARCOM COVE-RIP 2 
T0hlN.ES BAY-MARCOM ('OM:-W,P 3 
SAN PIZRI.0 HAY-TtrRRS IS.- RliP 1 
SAN I'NUI) I3AY-TlrHRS IS.- R I P  2 
SAN P M O  RAY-TlrRRS IS.- REP 3 
SAN PAn1.o RAY-ISI.ANI) #I-W.P I 
SAN PARI-0 HAY-ISLAND #I-RI:P 2 
SAN PIZRl.0 I3AY-ISl.A?Jll# I-REP 3 
.rc )L~,u.F.s R,\Y-M,W(-ONI (-( )vI:-KI:.I' 1 
'l'( )MIU,ES I3AYMARC( )NI COVIt-KIi.I' 2 
'M ) M N  .ES BAY-MAR('0M COVE-RII' 3 
ISI.NS CREEK 
PI\RN)ISE COVE-Rl:.I' 1 
I'r\KNIISI:. COVlJ-RlZ.P 2 
l'~\R,U)lSli ('OVE-Rlil' 3 
S,\N l'1\I3l,O 131\Y-lSl.ANl> Ill-KIil' I 
SAN 1'1W1.0 I3AY-ISl.r\NI) H 1-KI:P 2 
SXN I'Al31.0 HAY-ISl,ANI) Hl-KIP 3 
SAN PN3I.O HAY-TlrBRS IS.-RI:P I 
SAN PABIX) HAY-TlrBBS IS.-REP 2 
SAN PARIX) RAY-XBHS IS.-REP 3 
ChYfRO COVE-EVSO4 
PARADISE COVE-REP 1 
PARADISE COVE-REP 2 
PARADISE COVI:-REP 3 
N. SO1 rll l HAY REF.-REP 1 
N. SO1 ITH BAY REF.-REP 2 
N. SOlrlTl HAY REF.-REP 3 
'PRl~ASlrRF. ISLANDCI.IPPER ('OVE 
S. S O l T l i  RAY REF.-REP I 
S. SOlTlJ  RAY REF.-REP 2 
S. SOlTf1 BAY REIT.-REP 3 
'I'OMALES RAY-MARCONI COVE-RIP 2 
SAN PAl3I.O RAY-TlrRBS IS.-REP 1 
S.4N PABI.0 RAY-TLJBBS IS.-REP 2 
SAN PAHI.0 RAY-TlrBBS IS.-REP 3 
SAN PN3I.O R A Y - I S L W  Ul-R1:P I 
SAN PPN30  RAY-1SJ.AND # I-REP 2 
SAN PAR1.O RAY-ISI.AND #I-REP 3 

DATE - 
4/25/94 
4/25/94 
4\25/94 
6/25/94 
4/25/94 
4/25/94 
4/26/94 
4/26/94 
4!26/94 
4/26/94 
4/26/94 
4/26/94 
4/27/94 
4/27/94 
4/27/94 
01h104 
9!6194 
9i6194 
9/6/94 
9/7/94 
9$7/94 
0'7194 
9/7!94 
9!7i04 
9!7i94 
918.94 
9/8/94 
9/8/94 
9/8/94 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/7/95 
2/7/95 
3/7/95 
317195 
3/8/95 
4/4/95 
4!4/95 
4/4/95 
4/4/95 
4/4/95 
4/4/95 

LEG - 
3 1 
3 1 
31 
31 
3 1 
3 1 
3 1 
3 1 
3 I 
3 I 
3 1 
31 
3 1 
3 1 
31 
35 
35 
35 
35 
3 5 
35 
35 
35 
35 
35 
35 
35 
35 
35 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

IRON LEAD 
-9.0 -9.000 

MANGANESE 
-9.00 

NICKEL 
-9.000 
-9.000 
-9.000 
107.000 
93.000 
104.000 
-9.000 
-9.000 
-9.000 
123.000 
113.000 
117.000 
73.000 
76.000 
73.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.M)O 
-9.000 
-9.00 
-9.000 
-9.000 
-9.000 
97.800 

. -9.000 
-9.000 
102.000 
98.100 
96.300 
-9.000 
85.400 
83.300 
82.900 
-9.000 
135.000 
-9.000 
-9.000 
102.00 
-9.000 
-9.000 

SILVER 
-9.0000 
-9.0000 
-9.0000 
0.3300 
0.2720 
0.3470 
-9.0000 
-9.0000 
-9.0000 
0.2720 
0.2500 
0.2630 
0.2270 
0.2640 
0.2660 
-9.0000 
-9.0000 
-9.0000 
-9.0000 
-9.0000 
-9.000 
-9.0000 ' 

-9.MNH) 
-9.0000 
- 9 . m  
-9.000 
-9.0000 
-9.0000 
-9.0000 
0.2600 
-9.0000 
-9.0000 
0.2850 
0.3010 
0.2710 
-9.0000 
0.2560 
0.2590 
0.2730 
-9.0000 
0.3080 
-9.0000 
-9.0000 
0.2220 
-9.0000 
-9.0000 

SELENIUM 
-9.000 

TIN ZINC: 
-9.0000 -9.0000 



Trace Metal Analysis (ppm-ug/g) (con't) 

STATION 
R01,lNAS-,Zl rl)l TRON CYN.-REP I 
IN )r.m~s-nr ar )N CSN.-KI:I' 2 
l3( )I .lN,\S-!\I 'l)I !I31 )N (.YN.-KI.:l' 3 
l',\u,\l>lsl: (*( )vl:-Kl:l' I 
1'AKN)ISli C( )V8-lU:P 2 
PARNXSE C0VI;-REP 3 
TOMALES RAY-MARCONI COVE-REP I 
TOMNES BAY-MARCOM COVE-REP 2 
TOMN-ES BAY-MARCONI COVE-REP 3 
SAN PABIX) BAY-TLTBHS IS.- REP I 
SAN PARLO BAY-TIIRBS IS.- REP 2 
SAN PAR1,O BAY-TUBBS IS.- REP 3 
SA!! PABID BAY-ISLAND # I-REP I 
SAN PABLO BAY-ISLAND # I-REP 2 
SAN PABLO BAY-ISLAND # I-REP 3 
TOMALES RAY-MARCOM COVE-mr~ I 
TOMALES-BAY-MARCONI ('OVE-REP 2 
TOMALES BAY-MARCONI COW.-REP 3 
IS1 .ALS CREEK 
PARADISE COVE-REP I 
PARADISE COVE-REP 2 
PARADISE COVE-REP 3 
SAN PABLO BAY-ISLAND # I-REP 1 
SAN PABW BAY-ISLAND #I-REP 2 
SAN PABLO BAY-ISLAND #I-REP 3 
SAN PABW BAY-TUBBS IS.-REP I 
SAN PABW BAY-TLBBS IS.-REP 2 
SAN PABW BAY-TUBRS IS.-REP 3 
CASIRO COVE-EVW 
PARADISE COVE-REP 1 
PARADISE COVE-REP 2 
PARADISE COVE-REP 3 
N. SOlTH BAY REF.-REP 1 
N. S O ~ ~ - B A Y  REF.-REP 2 
N. SOlW-BAY REF.-REP 3 
'mASl%I~ ISI,ANKWl.IPPER (:( WE 
S. S 0 l . m  BAY REF.-REP I 
S. SOlTlI RAY W.-REP 2 
S. SOlTlI BAY REF.-MiP 3 
TOMALES BAY-MARCONI COVE-W.1' 2 
SAN PABLO BAY-TCTBRS IS.-REP 1 
SAN PABLO BAY-TITBBS IS.-REP 2 
SAN PABIX, RAY-TIBRS IS.-REP 3 
SAN PARLO BAY-ISLAW #I -REP 1 
SAN PARLO HA)--ISLAND # I-W.P 2 
SAN PABI.0 BAY-ISLAND # I-W.P 3 

L ASBATCH SEBATCH TMBATCH TMDATAQC 
3 1 -9.0 -9.0 -9.0 -9 
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Pesticide Analysis (ppb-ndg) 

STATION IDORG 
130I.lNh5-All)lrR( IN CYN.-REP I 1228 
HOI.lNA.5-AtrDlrRON CYN.-REP 2 
HO1,MhF-AlrDlrRON CYN.-REP 3 
PARN)ISE COV1:-REP 1 
PAUADISE COVE-REP 2 
I'ARNIISE COVE-W.P 3 
TOMN .ES HAY-MARCOM COVE-RIiP I 
TOhlNdS RAY-MIWCOM COVE-RI<P 2 
'I'OMIU.IJS RAY-MAR<:ONI COVli-W,P 3 
SAN PARIX) I s i \ s - n r ~ ~ s  IS.- REP I 
SAN PMIX) BAY-IlrRBS IS.- R I P  2 
SAN I'hRI.0 RAY-RMBS IS.- UEP 3 
SAN I'hR1,O HAY-ISI.AND H I-W.P 1 
SAN PN3I.O RAY-ISI.AND H I-REP 2 
SAN PlU3I.O RAY-ISI.AND H I-RF.P 3 
'I'<)MN,ES BAY-MARCOM COVE-REP 1 
T()MN.ES BAY-MARCONI COVE-REP 2 
.I'Oh4AI,ES B;\Y-h.l,\RCOM <'OVI:-R1:P 3 
IS1 ,,\IS (-Kl:l:K 
l'.w,\l)ISl: )\Jl:-ul~:P 1 
I'.m,\l)lSI: ('( )Vli-RI<P 2 
1'AUN)ISE COVI:.-REI' 3 
SAN I',Wl,O HAY-lSl.AND H I-RI:P 1 
S;\N I'M31 ,( ) 13AY-IS1 ,/\MI U I -Ul!I' 2 
S;\N I';\HI.( 1 13AY-lS1,ANl) h I-KI3' 3 
SAY 1',\13l.( 1 l3AY-~I'l~l3HS IS.-KKI' I 
ShN I'1U3l.l 1 13.4Y-'1.1 IHI3S IS.-RXP 2 
SAN I'tW11) BAY-TlW3RS IS.-KF.1' 3 
CASTRO COW.-EVXM 
PARADISE COVE-EP 1 
PARADISE COVE-REP 2 
PARADISE COW?-W.P 3 
N. SOl.Wl BAY RF.F.-REP 1 
N. SOlrlll BAY REF.-REP 2 
N. s o t r m  BAY REF.-REP 3- 
'm.ASl W. ISLAND-CI,IPPER COVE 
S. SOlrlll BAY REF.-REP I 
S. SOlrlll BAY REF.-REP 2 
S. SOlTH BAY REF.-REP Z 
'fOMN,lS DAY-MARCOM COVE-REP 2' 
SI\N PAHIX) RAY-TIIRBS IS.-REP I 
ShN PrU31s0 HAY-TIBBS IS.-REP 2 
SAN PtU11I) HAY-TI.BBS IS.-REP 3 
SIW P,UiI,O RAY-ISLAW # I-REP 1 
SAN PABI.0 HAY-1SI.AND #I-REP 2 
SIW PMI,O HAY-ISl,hW # I-W,P 3 

DATE - 
4/25/94 

SOWEIGHT SOMOIST ALDRIN CYlILOR TCHLOR ACDEN GCDEN CLPYR DACTH OPDDD PPDDD 
-9.00 -9.00 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.00 -9.000 



Pesticide Analysis (ppb-ndg) (con't.) 

STATION 
I3OLlNhF-AlrlllrHON CYN.-RF.P 1 
R( )l.MAS-A1 rDlrRON (1YN.-REP 2 
H( )I .MAS-A1 DI TRON CYN.-Rll' 3 
l',\nAl)lsl< (-( )VI<-W<I> I 
I~.\K:\I)ISI: ~ ~ V I : . - ~ I : I '  2 
~ ~ ~ ~ n , \ ~ ) ~ s ~ ~  )vI:.-nw 3 
'f( )hlhl.liS I~AY-MI\KC( )NI ('OVE-RIP I 
'S( ) h W  ,IS RAY-MNICONI COVIt-KEI' 2 
'f( )MNES 13hY-MARU )Nl C( WE-WtP 3 
SAN PIZHI.0 RAY-TITRBS IS.- REP I 
SAN PABl.0 RAY-TIBRS IS.- REP 2 
Sr\N PABII) RAY-TIBRS IS.- W,P 3 
SAN I'ABIX) RAY-ISI./WD I4 I-REP I 
SAN PAHIX) RAY-ISL.4W I4 I-REP 2 
SAN PABLO RAY-ISLAND 141-REP 3 
TOMALES RAY-MARCONI COVE-REP I 
TOMALF,S BAY-MI\RCONI COVE-REP 2 
TOMAI,ES BAY-MARCONI COVE-REP 3 
ISI.NS (:REEL 
PARADISF. COVE-REP 1 
PARADISE COVE-REP 2 
PARADISE COVE-REP 3 
SAN PABLO RAY-ISLAND I4 I-REP I 
sm PABIB HAY-ISLAND # I-REP 2 
SAN PABLO BAY-ISLAND I4 I-REP 3 
SAN PMLO BAY-TIIBBS IS.-REP 1 
SAN PABLO RAY-RIBRS IS.-REP 2 
SAN PABIX) BAY-TIIBBS IS.-REP 3 
CASTRO COVE-EVS04 
PARADISE COVE-REP 1 
PARADISE COVE-REP 2 
PARI\DISE COVE-REP 3 
N. SOlrlll BAY REF.-REP 1 
N. SO1 rll l BAY REF.-REP 2 
N. SOI r n l  BAY REF.-REP 3 
TREA!!lrRE lSI.ANDCI.[PPF.R COVE 
S. SOIrTII HAY REF.-REP 1 
S. sc I r.n r RAY REF.-RI:P 2 
S. SO1'TlI RAY REF.-W,P 3 
'f( )hf.\l.l<S 13.\\~-hf.VKY )NI ('OVl<-REI' 2 
SAS I~..\III,O I~,\Y-.IIII+I~S fs.-nr<1' I 
Sz\N l',lJIl.( 1 13;\Y-'SI V313S 1%-KIP 2 
s.\x I ' ! I I ~ I . ~  I ~ , \ Y - T I V ~ I ~ S  1s.-nw 3 
s . \ x  I ~ . \ I ~ I . (  I IL\Y-ISI.I \M~ 11 I-KIT I 
s:\x P.\I$I .() I~,\\.-ISI,ASI) 11 I -~I : I '  2 
S.\X l'1\131,() 13,\~'-lSI.Ah'l) ~~l-Kl.:l' .; 

DATE - 
4/25/94 
4/25/94 
4/25/94 
4/25 194 
4i25194 
4/25;94 
41'26!94 
4/26/94 
4/26/94 
4/26/94 
4/26/94 
4/26/94 
4/27m 
4/27/94 
5/27/94 
9/6/94 
9/6/94 
9/6/94 
9/6/94 
9/7/94 
9/7/94 
9/7/94 
9/7/94 
9/7/94 
9/7/94 
9/8/94 
9/8/94 
9/8/94 
9/8/94 
3/6/95 
3 16/95 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/7/95 
3/7/95 
3/7/95 
3i7!95 
34095 
4:4:95 
4:4;05 
4;4:05 
4:4:95 
4'4:95 
4;4;05 

OPUDE - 
- 9 m  
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-8.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-9.00 
-9.00 
-8.00 
-9.00 
-9.00 

PPDDE 
-9.00 
-9.00 
-9.00 
2.00 
2.12 
2.02 
-9.00 
-9.00 
-9.00 
2.89 
2.16 
2.10 
I .83 
1.87 
1.99 

-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
1.92 
-9.00 
-9.00 
1.57 
1.36 
1.41 
-9.00 
1.02 

-8.00 
-8.00 
-9.00 
I .99 
-9.00 
-0.00 
h.8h 
-9.00 
-0.00 

PPDDMS 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.09 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-8.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-9.00 
-9.00 
-8.00 
-9.00 
-').00 

OPDDT - 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-8.00 , 

-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-n.ao 
-').OO 
-0.00 
-8.00 
-0.00 
-9.00 

PPDDT - 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-q.00 
-8.00 
-8.M) 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-8.00 
-9.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-9.00 
-9.00 
58. I0 
-9.00 
-9.00 



Pesticide Analysis (ppb-wg) (con't) 

STATION 
HOl,lNrLS-AlrDlrRON CYN.-REP I 
I3OI.lNA.S-AITXWON CYN.-W.P 2 
RO1,lNA.S-AI rlll WON CYN.-W.P 3 
PARADISE COVE-REP I 
PARN)ISE COW,-REP 2 
PARADISE COVE-REP 3 
TOMALES RAY-MARCOM COVE-REP 1 
TOMtU ,ES RAY-MARCOM COVE-W.P 2 
TOh.IA1 .ES RAY-MARCOM COVE-REP 3 
SAN PABIX) RAY-TIIRBS IS.- W,P I 
SAN 1'N)LO HAY-ll.WRS IS.- REP 2 
SAN PN3II) HAY-TIrBRS IS.- REP 3 
SAN PABl.0 RAY-ISLAND # I-REP 1 
SAN PABIX) BAY-1SI.AND MI-REP 2 
SAN PABI ,O RAY-IS1 ,AND # I -REP 3 
'T( )MIU ,ES RAY-MARCOM COVE-REP I 
TOMALES HAY-MARCOM COVE-RE,P 2 
TOMN,ES RAY-MARCONI COVE-REP 3 
1S1,NS (:KEEL 
PARN~ISE COVE-REP 1 
PARNIISE COVE-REP 2 
PARADISE COVE-REP 3 
SAN PARI,O BAY-ISLAND # I-REP 1 
SAN PABll) RAY-ISLAND # I-REP 2 
SAN PABI,O BAY-ISLAND M I-REP 3 
SAN PcV)LO BAY-IXrBBS IS.-REP 1 
SAN PAHLO RAY-nrBBS IS.-REP 2 
SAN P m L O  RAY-TCIBRS IS.-REP 3 
CASTK( COVE-EVSW 
PARADISE COVE-REP 1 
I',UIN)ISI< COVE-REP 2 
PARAl)ISI< COVE-W.P 3 
N. Sc )l.rlll RAY REF.-REP I 
N. S o l  W l  RAY REF.-mP 2 
N. Sol  T I  1 HAY REF.-REP 3 
-I-RI:,\s~ IRE ISI ,AMXI .n!pl:n C( ) V I  
S. S( )l 'I'll I<.\Y RI!V.-Rl<P 1 
S. SI )[ rn I I ~ , \ Y  KI;V.-KEI' 2 
S. S0 bl Vll l l3AY ~1{1:.-Ki<l' 3 

)hl;\l .I% 13.\Y-hllUK'OM ('OV1:-RIII' 2 
SAN I'rU3l.O RAY-I1WHS IS.-REP 1 
SAN I',U31,0 RAY-TIWRS IS.-REP 2 
SAN I';U~I .() n ~ y - n m n s  IS.-REP 3 
Sr\N PAItI.0 I3:\Y-ISLANI) HI-W.P 1 
SAN I'Al3l.O HAY-ISI,ANI) U I-RIP 2 
S;\N I'Al3l.O HAY-ISL.hVD M I-REP 3 

IDOR<; DATE 
1228 4/25/94 

HCHG - 
-9.000 
-9.000 
-9.000 
-8.000 
-8.000 
-8.000 
-9.000 
-9.000 
-9.000 
-8.000 
-8.000 
-8.00 
-8.000 
-8.000 
-8.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-8.000 
-9.000 
-9.000 
-8.000 
-8.000 
-8.000 
-9.000 
-X.(U)0 
-X.ooO 
-8.noO 
-9.000 
-8.000 
-9.000 
- 9 . m  
-8.000 
-9.000 
-9.000 

HEPTACHMH 
-9.000 

METHOXY 
-9.00 

MIREX - 
-9.000 



Pesticide Analysis (ppb-ndg) (con't) 

STATION 
I I ) I  .INAS-AI !Dl WON ('\W.-REP 1 
BOI.INh$-AlnI [HON C\N.-REP 2 
ROI .INAS-AI rl)IrRI)N (:\N.-W.P 3 
PI\RAI)ISI< C( )VI'.-REP 1 
PMADlSE (:OVIJ-UIiP 2 
PARADISE COVE-REP 3 
TOMALES BAY-MARCOM COVE-REP 1 
TOMAI.ES BAY-MARCOM COVE-REP 2 
TOMN.ES RAY-MARCONl COVII-WI' 3 
StIN P:\I31 .( HAY-TI RI3S IS.- REP I 
SAN PN11.0 HAY-TIIRHS IS.- W.P 2 
SAN PARIA) RAY-RBBS IS.- REP 3 
SAN PAB1.O HAY-ISI.AND # I-REP I 
SAN PAHIX) BAY-ISLAND %I-REP 2 
SAN I'AHI.0 RAY-ISI.AND U I-UIJP 3 
'f( )h4N.I:S RAY-hlAR('0NI ('0VI:-UP I 
'I,( )h*N.ES BAY-MAR('( IN1 ('( )VI:-KIP 2 
'I'OhlN.I:S RAY-MARC( )NI ('0VI'-RI:P ? 
ISI.NS CREEK 
PARADISE COVE-REP 1 
PARADISE COVE-REP 2 
PARADISE COVE-REP 3 
SAN PARLO RAY-ISLAND # I-REP 1 
SAN PARLO BAY-ISLAND # I-REP 2 
SAN PABLO BAY-ISLAND # I-REP 3 
SAN PARI,C) BAY-TIJBHS IS.-REP 1 
SAN PARI.0 BAY-TITRRS IS.-REP 2 
SAN P M L O  RAY-TURHS IS.-RF.P 3 
CAFTRO COVE-EVS04 
PARADISE COVE-W,P 1 
PARADISE COVE-REP 2 
PARADISE COVE-REP 3 
N. S O L m  BAY REF.-REP I 
N. scllrnr BAY REF.-REP 2 
N. SOl .ml  BAY W1.-REP 3 
TREhSlrRE 1SI.AND-CI.IPPER COVE 
S. SOUTH RAY REF.-REP 1 
S. S O l m l  RAY REF.-REP 2 
S. SOLTH BAY REF.-REP 3 
TOMALES BAY-MARCONI COVE-REP 2 
SAN PABLO HAY-RBBS IS.-REP 1 
SAN PABIX) BAY-TLrHBS IS.-REP 2 
SAN PABl.0 RAY-nBRS IS.-REP 3 
SAN PABI,O HAY-ISLAND # I-REP I 
SAN PN3I.O HAY-ISl.AND f l  l-REP 2 
SI\N PARII HAY-ISLAND b' l-REP 3 

DATE - 
4/25/94 
4/25/94 
4/25/94 
4l25/94 
4/25/94 
4/25/94 
4/26/94 
4/26/94 
4/26r94 
4/26/94 
4/26/94 
4/26/94 
4/27/94 
4/27/94 
4/27/94 
91634 
9/6/94 
9/6/94 
9/6/94 
9/7/94 
9/7/94 
9/7/94 
9/7/94 
9n194 
9/7/94 
9/8/94 
9/8/94 
9/8/94 
9/8/94 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/6/95 
3/7/95 
3/7/95 
3/7/95 
3/7/95 
3/8/95 
4/4/95 
41405 
4/4/95 
41405 
414i95 
4/4/95 

TNONA - 
-9.000 
-9.000 
-9.000 
-8.000 
-8.000 
-8.000 
-9.000 
-9.000 
-9.000 
-8.000 
-8.(mo 
-8.000 
-8.000 
-8.000 
-8.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
- 9 . m  
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-9.000 
-8.000 
-9.000 
-9.000 
-8.000 
-8.000 
-8.000 
-9.000 
-8.000 
-8.000 
-8.000 
-9.000 
-8.000 
-9.000 
-9.000 
-8.000 
-9.000 
-9.000 

TBT PESBATCM 
-9.0000 -9.00 



Section \I 

YGH Concentrations 



131 )I ,IN;\S-:\l 1l)t~li( )N c7SX.-Kl<l' 2 
I$( lI,lN,\S-,\( fl)l [I<( IN (3'N.-Kl~:l' 3 
l';\K.U)ISl< (-( )\l-Kl:l' I 
l',m.\I)Isl ~ ~ o v ~ - u I ; l '  2 
I',m,U)ISI: ('Ol\'li-KIP 3 
.I'Ohf.U.l:S I3:\Y-hfAU('i )NI ('OVE-KIT I 
Ti lhfr\l.l:S I3AS-MAU('i 1N1 <'OVI<-Rl<P 2 
-s( )MIU .I:S HAS-MARC~NI (-ovli-Hrp 3 
SAN P1U31.0 HAY-TI rRIiS IS.- RliP 1 . 

Sr\N l'AIil,() 13AS-IT Il313S IS.- Nil' 2 
S.\N PN31 .(I ISAS-'IlrRRS IS.- KIP 3 
S.AN PARl.0 HAS-ISIANI) 11 I-UI<Y 1 . 
S;\N I'AI31.() I3AY-IS1 .AM) I1 I-KliP 2 
S:\N I'AHI.0 13AY-1Sl.rZNI) N I-Klll' 3 
'1'1 )hf:\I.l.:S li,\S-h4,\U('i )NI (Y)Vl~-Kll' I 
'I:( )h4,\I,liS l3.\S-hlAK<'ONl ('OVIi-KI!l' 2 
'I'( )kt.\! .liS l3.\Y-h,l.\K('i IN1 ('1 lVl<-KI<l1 3 
IS1 ,AlS (.Kl.:l:K 
l',\K;\l)lsl: (~~ lv l ; -~ l i l '  I 
l';\K~\l)lsl:. ~'~lvl<-Kl:l' 2 
l',\R,\l )lsl;. (-i l\'l~:-ul.:l' 3 
S.\N I';\l3l.( ll3AS-lSl,.\M) I1 I-Kl.:l' I 
S,\N l',\l3I .( I l3AS-IS1 ,AN11 11 I-Kl<l' 2 
SAN 1'.2131.0 I3AS-ISl.ANI) !!I-KliI' 3 
S.\N I'XI3I.O l3hS-11'13I3S IS.-Kl(I' I 
S.\N I'hl3l.i I3AS-~I'I'IiHS IS.-KI<I' 2 
S;\N I',\l3l ,O li~\Y-'lI fl313S 1%-Kl<l' 3 
('.\SIX() ('ovF.-IivSo'I 
I'AKAlIISIi <'OVE-REP I 
l1,\KAI)lSl~. <'( IW-Ul!P 2 
l';\K,\I)ISll (.i )\'I<-Klil' 3 
N. s o t r r ~  I IIAY ulrl:.-uliP I 
N. SO1 VSII l3AS Ul:.F.-Kl<l' 2 ' 

?J. solrI'l I Ii,\S nl:l~~.-nl<l' 3 
.I.KI:,IS( RI.: 1x1 ,.\NIWI .nwiu (-( )VI< 
s. S( )l"l'l I Il'\S Kl<F.-Ulil' I 
s. so l  ~ I ' I  I 13;is ulil:.-~lil~ 2 
s .  st It r1.1 I lI,\S Kl~:l:.-Kl~:l' 3 
TI )\l.\l ,I;S l!.\S-klAK('l )Nlc'l )\I<-KI3' 2 
S.\Y l'.\l\l.i I 13,\S-'l'l~I3l3S IS.-Kl<l' I 
s , \ v  l'.\l3l,() I3;\S-'l'l '1313s 1s.-Kl<I' 2. 
S.\V I'.\I1I .( ) I3.\)'-'1'1 I11IiS IS.-KI:I' i 
s , \ v  l';\l3l ,I) 1i;IS-IS1 .;\?Jl) 11 l-Kl~:l' I 
s . \ x  l',\l3l,l) l3,\s-lsl,~Lvl~ PI-Kl<l' 2 
s . \x  P.\lil ,I I 13.\S-ISl ,/\Nl) 'i 1-KI:l' 3 

PAH Analysis (pph-nglg) 

ACT A<:E ANT BAA BAP BBF 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-O.(#1 -9.00 -9.iH) -9.00 -9.00 -9.00 
-9.iHl - -9.00 -9.00 -9.00 -9.00 -9.00 
8.67 7.93 28.10 88.00 298.00 267.00 
8.22 8.71 28.20 86.10 251.00 224.00 
8.46 7.51 23.00 83.70 242.00 234.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 ,-9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
5.37 -8.00 11.70 47.40 166.00 150.00 
6.26 5.15 14.30 51.80 169.00 149.00 
-8.00 -8.00 14.10 48.90 167.00 148.00 
-8.00 -8.00 7.13 39.50 118.00 105.00 
-8.00 -8.00 12.m 40.10 121.00 107.00 
5.66 5.06 12.80 58.50 154.00 134.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -0.00 - 9  -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -').MI -0.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -0.00 -9.00 -9.00 -9.00 
-9.M) -9.00 -9.00 -0.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9..00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.011 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
31.40 12.40 44.30 351.00 663.00 %7.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 -9.00 -9.00 -9.00 
6.95 5.61 24.10 60.00 182.00 170.00 
7.72 8.98 24.60 75.70 227.00 203.00 
8.37 5.59 27.30 69.10 207.00 186.00 
-9.00 -9.00 - 9 . ~ 1  -9.00 -9.00 - 9 . ~ 1  
9.83 8.98 38.30 101.00 263.00 227.00 
13.60 9.78 55.40 125.00 287.00 244.00 
15.30 9.01 49.10 124.00 278.00 236.00 
-0.00 -9.00 -9.00 -9.00 -0.00 -9.00 
5.72 -8.00 20.10 50.30 lhX.OO 146.00 
- . i o  -0.00 -9.00 -0.ill -0.00 -').Oil 
-0.00 -0.IlO - 0 0  -0.00 -0.00 -0.00 
-8.00 -X.tiO 12.10 4X.40 I22.OO 1 1 1.00 
-0.ilI - i o  -0.00 -0OiI - 0 0  -0.00 
-9.00 -0.00 -'),OO -0.iIO -0.00 -0.00 

EGP BEP BPH 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 

234.00 144.00 11.80 
195.00 124.00 11.10 
180.00 124.00 11.20 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
138.00 86.20 8.74 
139.00. 85.80 8.60 
134.00 84.60 8.72 
95.90 61.80 6.51 
98.60 63.70 6.1 1 
131.00 83.80 7.46 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 .. . 
-9.00 -9.00 -9.00 
-9.00, -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.m -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.w -9.00 
-9.ir0 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 

524.00 520.00 11.10 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
156.00 99.40 9.87 
I88.iM 120.00 8.92 
178.00 11 1.00 8.M 
-9.00 -9.00 -9.00 
185.00 130.00 8.70 
195.00 140.00 8.86 
194.00 140.00 9.40 
-0.00 -9.00 -9.00 
138.00 92.30 8.37 
-').OO .-9.00 -9.00 
-0.lil -9.00 -0.00 
108.00 70.50 6.5 1 
-9.00 -0.00 -9.00 
-9.il(l -~>.OO -9.00 

DMN - 
-9.00 
-9.00 
-9.00 
-8.00 
-8.M 
-8.00 
-9.00 
-9 .0  
-9.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-8.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
-9.00 
5.02 
-9.00 
-9.00 
-8.iW 
-8.00 
-8.00 
-9.00 
-8.00 
-8.00 
-8.00 
-9.00 
-8.00 
-0.00 
-0.iIil 
-8.00 
-0.iIil 
-0.iIO 



STATION 
I N  )I,IXAS-AI .I)I:IZ( )N (-sx.-nw I 
13Ol.IN;\S-!\[ ill[ !I%( )X ('YN.-Rl!l' 2 
I~OI,I?~;\S-I\~ !I)[ V3( IN (.YN.-Ul{I' 3 
l1;\n;\I)lSl; ( 7  )Vl<-Rl<l' I 
I';\K.U)ISI;. ('( )VE-RI:I' 2 
I~.\RIU)ISI:. (-( )\~v,-nltp 3 
'11 )MI\I,I.:S I~AY-LI,\R(-I )XI (Y )vI;-n1:lB I 
.I.OM,\I.I:S 131\s-bt,\n(*( )ti1 (.OVI<-UI;I* 2 
'1'1 )kf;\l.l3 I~:\Y-MI\R('ONI ('( )Vl:-Ul:.l' 3 
S.\X I'Al3l .i 1 13~\Y-~lI'l313S IS.- U1;I' I 
S,\N l',\HI ,() HAY-IT V3RS IS.- RIII' 2 
SAN 1',\13l,O l3,\S-~ll~l3lZS IS.- Ul<l' 3 
SAN PA131 .< ) 13,\Y-IS1 ,AN!> fl I -RlZ.l' I . . 
SAN l',\l3I,(l 13AY-ISI,,\NI) If I-R13' 2 
SI\X l'AI3l.( 1 I~;\S-ISI.I\N~) 11 I-Mil' 3 
~l'obf,\l,I:s I3,\Y-bfAn(Y )Nl ('OVI<-RI{P I 
IT )h41U.ltS I~I\Y-MAR('( )Nl (Y  )Vi<-Rl3' 2 
'rOMAI.ES l3r\Y-MAnCONl COVE-REP 3 
IS1 .,\IS cnl;l;.K 
l',\n,\1)lsl:. ( *( )VI<-RI:I> I 
I~,\RAI)ISI:. (-( )vI:-nw 2 
I>AR,\I)ISI; (-1 )vl;-nl:1' 3 
S,\V l',U3l.( ) 13~\Y-lSI.,\Nl) H I-RIP I 
S,\N I'tU3lA) l3AY-lSl,,\hl) If I-Rl:P 2 
S,\V l'Al3I.() l3z\S-lSl,ANl) 11 I-REP 3 
S:\N l1Al31 ,() l3AS-'ll 'Hl3S IS.-REI' I 
S,\N I'N3I.() I3AY-TI V3HS IS.-REP 2 
S,\N l',U31,( ) 13z\Y-lI'l3HS IS.-Rl<P 3 
('t\STRO <'( )Vl<-EVS( )4 
I ' ~ , U ) I S I <  C( )vE-nw I 
PAKNJISI< COVE-RIP 2 
l':W;\l>ISl'. CI )Vl<-Rl'.l' 3 
N. SO1"l'Il l3,\Y Rlil'.-Ultl' I 
N. SI I ~ ~ I I I  H A Y  nI:.l...-n1;1' 2 
N. Sl )I TI11 I3AY WF.-Kl<I' 3 
'IXI!hSl~Rl~ ISI.AND-CI .II'PI!R ('( )V1: 
S. SO1 TI1 l$r\S REF.-Rl<l' I 
S. SO1 VII IZAS HI+'.-KI-I' 2 
s. SI I[ 111 I IZAY ni<l:.-u1:1' 3 

)LI.\I,I.:S I$, \Y-LI, \~(-I  )NI (-( )k'lt-nltll 2 
S;\N I ' ; W  .( ) l3AY-.I13313S lS.-M:l' I 
s . 1 ~  I'.U%I,() I~AF--II 7311s Is .-nw 2 
S,\V PJ\I3l,( I l3;IY-l'I 4313S IS.-RlY 3 
S.\N l';\l31,( 1 I~.\S-ISI,I\~W fi I-Rltl' I 
SAW I';U3I.( I IMY-ISI.AN1J 11 1-KEI' 2 
S;\N P/WI,O 13:\Y-lSI,,\Kl) 11 I-Rltl' 3 

P A H  Analysis (pph-ndg) (con't.) 

I;IdI1 IND MNP1 
-9.00 -9.00 -9.00 

PER PYR TMN 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
94.10 309.00 -8.00 
91.80 276.00 -8.M 
89.80 320.00 -8.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 , -9.00 
-9.00 -9.00 -9.00 
06.10 176.00 -8.00 
93.40 182.00 -8.00 
91.90 172.00 -8.00 
64.70 137.00 -8.00 
62.50 137.00 -8.00 
75.50 187.00 -8.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.M) -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
9 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 
-9.lIO 4.00 -9.00 
-9.m -9.00 -9.00 
-9:00 -9.00 -9.00 
-9.00 -9.00 -9.00 
183.00 767.00 -8.00 
-9.00 -9.00 -9.00 
-9.w -9.00 -9.00 
59.00 213.00 -8.00 
(6.80 250.00 -8.00 
60.80 238.00 -8.00 
-9.00 -9.00 -9.00 
68.30 324.00 -8.00 
74:70 388.00 -8.00 
72.10 396.00 -8.00 
-9.00 -9.00 -9.00 
93.70 205.00 -8.00 
-9.00 -9.00 -9.00 
-9.00 -9.iN) -9.00 
71.')0 176.00 -8.00 
-9.00 -9.00 -9.00 
-9.00 -9.00 -9.00 







PCB Congener Analysis (pph-n&g) (can't.) 

IN 11 .lN.\S-,\I 'l)lr13( )S C7YN.-Kl:.l' 2 
I%( )l.lN~\S-.\l 'l)l'l3( )N ('YN.-Rl<l' 3 
l',\n;\l)1sl< (Y )vl;-nl:l' I 
I~. \R~\I)ISI:  (.< )\l:,-nl:p 2 
l ' ~ w l \ l ~ l s l <  (.ovl:.-nl<l' 3 
l'( )kl;U . I 3  H:\Y-hIAR('( )Nl ('( )\fl:.-UI~I' I 
'I3 )Xl.\l J:.S 13;\Y-kI.AR(Y )Nl (3 )\'I<-Rl<l' 2 
'I.( )kl>\I.l<S 13;\Y-k11W<X IN1 ( X  )\'I<-U<I' 3 
SAN 1'~U31.() RAY-TI WI1S IS.- K1:P 1 
SI\N 1'.U31.() I3AY-'rt'BRS IS.- W.1' 2 
S.4N l'.U3l A )  l%~\S-'l'l ll3RS IS.- K1;P 3 
S.\N I'ARI A ) I~AY-ISI.I\M) !I I -lU<l' I 
SI\N PAl3l.O I3r\Y-ISl.ANn HI-KI3' 2 
S:\N I'Al31,O 13;\Y-lSI,ANl> 11 I-RIl '  3 
'I.( )k11\1 l%z\Y-kI<\R(-( )Nl ( X  )\'l~-Kl4' I 

)X1.4Iel~S I~I \Y-~IAR( 'ONI  ('OVl<-Rl<l' 2 
1.f )hl!\l ,l<S lt.\Y-h1;WU IN1 (.( )\'l<-Rl3' 3 
ISI ... \IS ( . ~ I < I < K  
l',\U;\1)ISl< ~ ~ o v l ~ - n l : l '  I 
I',\K,\I)ISE ('OVI<-KliP 2 
l',\R,\l)lSl )VI<-R1;P 3 
S.\N I):\I~IA 1 RAY-ISI.ANI) a I-KIP I 
SI\N l'!U31,() IMY-IS1 ,AND 11 I-KII' 2 
S.\N I'N11.( HAY-IS1,AND I t  I-RE)' 3 
SAY l3Al3I.() l31\S-Tt lfll3S IS.-Rl<P I 
S.\N I'AlH.0 13,\\'-'Il rRHS IS.-KEI' 2 
SAX I'1\131.0 HAY-11 IRRS IS.-K1:P 3 
('.\S'I'K() ('( )VI-I<VS( W 
l'/\K;\l)ISl< (-( Wl<-REP I 
l'x\R,U)lSI: ('OVl{-REP 2 
P,\KAI)ISI: C0VI;-KI.1' 3 
N. S( )l rl'll 13AY Ul:.l:.-N:.P 1 
N. s o 1  r.nl HAY KI:I:.-RIF 2 
N. SOlrl ' l l  13.AY UI<l.'.-RI<l' 3 
IKItr\SI rK1. IS1 .:\NIU'I ,IPPI:.K ('()\.'I. 
s. s t  )I 11.1 I ISAY nl<l:.-nl:l) I 
s .  s( )I CII I I ~ A Y  nl;1:.-ni;l) 2 
s. s( 11 YI I 1311s nj:.1:.-nl;18 .: 
.I.( )\I,\I .I:S I~ . \Y-W\R( . (  )XI (Y iv l<-n l<lB 2 
S.\Y l1.\l31.( ) l3.\Y-'ll'l3l3S IS.-Kltl' I 
S.\X I'.\l31.( l3.\Y-l'l :l3ltS 1%-UI:l' 2 
s . 1 ~  I> . \ IH , (  1 I{.\\ :II:I~IIS ls.-nI;lB .: 
S.\\ l'.\lIl ( 1 l3.\\'-ISI..\Xl) r I-l<l<l' I 
s.\s I ~ . \ I ~ I . ( )  I~, \ \ . -ISI, ; \SI)  I: I-ni.:13 2 
s.\\ l'..\ltl.() 13.\i'-lSI..\Xl) 11 I-Rlil' .: 



sr,\x!:?.* 
2OOOX.O 
2OOOX.O 
20008.0 
20005.0 
20005.0 

, 20005.0 
20009.0 
201l09.0 
20000.0 
20000.0 
20000.0 
20006.0 
20007.0 
20007.0 
20007.0 
20009.0 
20001).0 
L0009.0 
z(n) I I .o 
20005.0 
LO005 0 

2000s.o 
20007.0 
20007.0 
20007.0 
20006.0 
200(lO.(l 
20006.0 
Loo 10.0 
?0005.0 
L000so  
20005.0 
LOO13.0 
200 1.3.0 
200 13.0 
.?OOl2.0 
too 14.0 
?(l(llJ.O 
200 14.0 
?0000.0 
?000h.0 
1000h.O 
.7)000.0 
20007.0 
20007.0 
20007.0 

Sl',\TION 
I31 11 ,lN,LS-,\l !Ill !13( )h' C7YFi.-Rl<l' I 
I31 )I .lN.\S-AI rl)I in( IN ( 'SN.-RIP 2 
lit )I,IN,\S-,\I II)I IIV IN ( .YN.-KI<I~ 3 
l'.\K.\I)Isl: (.( )Vl:-nl:l' I 
l';\K,\l)lsl: ( 7  )\.~l:-KI;I' 2 
1'.4K,u)lSl.: (-( lvl:-nl:l' 3 

) ~ ~ A I . I ~ s  I)AY-MAR(-~ )M c( )VI~-RI:I> I 
'l'( )%lAl ,l;S l3,\Y-blAR(-( ) M  ( 7  lVl~-Kl!l) 2 

)\l;\I ,l'.S I~,\Y-MI%R(~ ) M  (Y IVK-Kl:l' 3 
S h N  I1:U31.0 13AY-ll'fU3S 1s.- W i P  I 
SAX PA131 A )  HAY-TI rl)liS IS.- K I P  2 
SAX I'hHI A )  RAY-'ll ri3l3S IS.- W I '  3 
SI\N l1;\l31 ,( 1 ]SAY-lSl.ANl) # I-KII' I . 

St\N I'Al31 A )  HAS-IS1 ,,\hI) 11 I - R I P  2 
S;\V 1'1\131,( 1 13.4Y-IS1 ,I\M) 11 I -Kl<l' 3 
'I.( )Xl;\l.I<S HAY-MAR( 'i )N1 ('( )VI:-RI'.l' 1 

)hl,\l,l'.S I%,\S-h4;W(.( )Nl('( )\'l:-Rt~l' 2 
Ti )\l,\I . I 3  l3;\Y-hl,\R(.( IN1 f - i  )\'I<-REP 3 
IS1 .;\IS (-Kl:liK 
I';\n,\l)lsl: ( 7  )\'l:-KI:l' I 
l',4n,\l>Isl: (-oVl:-Kl:l' 2 
l',\K.\l)Isl.: (.( )VI<-RI<l' 3 
S;\N I',\l31.0 l3~\Y-lSl,:\Nl) !I t-Rl:l' I 
s.\y y,\131.( 1 II:\\--ISI,,\M) II I-RI<I' 2 
S;\N I>;\lil.() 13:\Y-ISl.hNI) 11 I-~f.1'3 
St\N l';\lIl.i) I%:\Y-'I1 WI3S IS.-Kl.:l' I 
S,\N I ~ ; \ I ~ I  J ) I ~ A Y - T ~  r1313s IS.-KI;I' 2 
S,\X 1',\13l.() 13;\Y-T1 4313s IS.-KI<l1 3 
( .,\SIU( I (-i )vl:-l:.\'so4 
I',\K.~)ISI:. ( - I  )vt:znl:r I 
l';\n;\l)Isl~ (-( l v l ~ - n l ~ l '  2 
l':\K;\l)ISl~. ( 7  )vl<-Kl:P 3 
k .  S( Il 'I 'll l3,\Y Kl,:lf.-KI<l1 1 - 

N. SC )I :'!'I I l3.\). Kl~:l~~.-Kl'.l' 2 
X. SI-11 I 13;\Y Kl~l:.-KI<l~ 
~l'Kl:.,\sI 'Kl.: IS1 .;\XIM.l .ll'l'l:K (.()VI< 
s .  sf )I r1.1 I I IAY n ~ ; ~ ~ ~ . - n ~ : ~ ~  I 
s .  SI )I -1.11 14.1). nl:.l~'.-nl:l~ 2 
S. S( )I '1.1 1 11.\Y KI<I:.-KI:i' .: 
'I ( )xl,\l.l~:s l3.\Y-\l:%R(-oFiI ('ovl:.-nl<l' 2 
s.\s I'.\l31.( 1 13.\Y-'I1 :1313s ls.-Kl:.l' I 
S.\V l1,\l41,0 l3;\~~-Il~l313S IS.-Kl,:l' 2 
s , \ s  l',\lIl,( ) l{;\Y-'Il Il313S ls.-Kl:l' .; 

s:\s l1;\IIl .( 1 l I ~ \ s - l s l , . \ x I ~  H l-Kl;l' 1 
S:\V l1;\l31 ,( 1 li:\Y-IS1 ,,\XI) If I -Rl:l' 2 
S,\N I';\l31 .O l3r\S-lSl,,\Nl) 11 I - K I P  3 

PCB Congener Analysis (ppb-ndg) (con't.) 



PCB Congener Analysis (pph-ndg) (con't.) 

ST,\TIOX 
131 ) I . lY~\S-~\ l~ l ) I  '131 IN (-SN.-K14' I 
13OI.lX:\S-;\I 11)l q3()X (.SN.-Kl:l' 2 
I%( )l.lY.LS-;\I'l)t'l3ON ('SN.-Kl<l' 3 
l'f\U.\l)ISl< ('1 )VlC-KI;l' 1 
l',\U~\l)ISl< ( Y  )Vl<-UI<l~ 2 
l',w;\l)Isl: ('1 )vl;-Kl;l~ 3 

)hl:\l,l:S 131\Y-hfAK(.( )Nl('OVF.-Ul<l' I 
.I,( )M.\I.I<s I ~ , \ S - M A U C - ~ N I  (-( )vit-nl:.l' 2 
'1.1 )hf:\l,l<S 13,\S-hlAR(.l ) M  ('OVlt-Ul<l' 3 
S:\N I'AHI.0 I3:\Y-n IRRS IS.- Kt1' 1 
SAY l'tU3l .I 1 13,\Y-I'( fl313S IS.- K I T  2 
SAY 1'.4131,() l%,\Y-'1'1 WI3S IS.- Kl:l' 3 
SAY l'/\l3l,l) 13:\S-lSI,~\Nl) /i I-KI:l1 I 
S;\N I':U31,() 13.kS-lSI,A\Nl) 11 I-UltP 2 
SAN I'AH1.0 I3AY-ISI.N\ID UI-W,I1 3 
I.( )M.U ,ES 13,\Y-hl,mC( ) M  (;OVF.-RI!ll I 
'1'1 )M/<l.l:~ R.\Y-MARCI ) M  COVE-W.P 2 
'l'c )hlAI.I:S HAY-ILfXRCONI ( 'OVI-KIT 3 
ISI ,;\IS (.nf;l;k 
PI\UIU)ISI: ('( WE-REP 1 
P I W N I I S E  C(  M i - R E P  2 
III\RN)ISE C( )VE-RIP 3 
SAN r.wr.0 HAY-ISI.AND H I - ~ . I > ~  i 
SAN I'.WI.O H A Y - 1 S l . M  111-&.P 2 
SAY PAHI.() RAY-ISI.r\ND #I-W.P 3 
SAN P h H I . 0  HAY-TlrRHS IS.-REP 1 
SAN I'N31 X 1 RAY-.fl M H S  IS.-REP 2 
S!\N P N I I . 0  H A Y - l l  R R S  IS.-KIP 3 
('ASI'KO ('1 )\'I;-I:.VSl W 
PAK:\l)lSl:. ('1 )VE-RIP 1 
I'/\KAI)ISII ('0VI:-KIP 2 
I '~KI\DISE ( 7  )VI<-Rlil' 3 
N. St )I ' I l l  l31\Y Kl~,I~'.-Ul~.l' 1 
N. Sl )I :I'll I3AS KItI.'.-RI:P 2 
N. Sl )I "1'1 I I3,\Y K l ~ ~ l ~ ' . - ~ l ~ l '  3 
.I'RI;.\SI :nl; ISI,,\XI~I-I.U~I~I:.U (Y)VI: 
s. SI )I ~ I I I  I ~ , \ Y  n ~ : ~ . - u ~ < ~ ~  I 
s .  SI 11 YII IWY ul:l:.-nl<l' 2 
s .  s( ) I ~ ~ ' I I  i t ~ s  nl;l:.-ul:,ll 3 
'I.( )kl.\l.l:S 13:\Y-hl.4K<'( IN1 (-1 )Vl;-Kl:l' 2 
SAX I ~ : \ I ~ I  ,I ) I~A).:I'I 11111s ls.-nl:lp I 
s.\x l'.\l3l.( b l3,\S-'I'l !l3I3S IS.-Kl~I' 2 
s . 1 ~  I > . \ I ~ I , I  ) I ~ , \ S - . I ~ ~ I ~ I ~ S  Is.-nlilJ 3 
S;lN l1;\l3I,l 1 lt;\S-lSl.~\Nl> I! I-tU<1' I 
S.\X IJ : \ I~ I  .( lI.\S-IS1 .:\Nl> ~(l-Kl:.\' 2 
S . \ S  I1:\l3l.I )13,\Y-lSI.:\Nl) 11 I-Ul<l' .: 



PCB Congcncr Analysis (ppb-ndg) (con't) 

STATION 
R01,MM-A11X IRON CYN.-W.P I 
I3Ol,I;V,LS-AI lDI.rl3ON ("\X.-W.P 2 
HOl .MAS-A1 rl)l il3l )N ('17\1.-KI<P 3 
PAu\KN)ISI: ('I )VI<-KI:P 1 
l',m,\l)lSl; (*( )vl.:-Rl<P 2 . 
P,mN)lSl: C( )\'l<-w:l' 3 
'SOLIN ,ES I3,\Y-hlAR(.l )Nl COVI:-RI4' 1 

)LIN  is I3AY-hIlWC( INI C ~ V F . - U I ~ P  2 
'SOhfhl .ES I3hY-hlAK('l )NI ('OW.-Rill' 3 
Si\Y l'1\13I,( )13.\Y-Il~l3l3S IS.- Rl:l' I 
S,\N I);\l31.0 H.\Y-'Ilrl313S IS.- Kl:I' 2 
SI\N l',\I3l .I 1 l3:\Y-'I'1 rl313S IS.- RI.3' 3 
SAN l'AI3l ,I )131\Y~lSl.,\Vl) 11 I-Kll' I 
S,\N I'iU31 .I) RAY-IS1 . A M )  I/ I-KEI' 2 
S,\N l',U3l .I 1 I~:\Y-ISI,I\YI) ti I-Kl3' 3 
'17 )hO\l.liS I3hY-hlAR('0Nl ('OVfi-KIIP I 
l'OLI,\lld~S I3hY-hfARC( )N1 COVI(-RIIP 2 
'Sllhl,\I.l:S I3.lY-hl.W('( )Nl Ct )VI<-KIP 3 
ISI,,US ('Kl:EK 
PNIAI)ISF. (.( )\.'I:-RItI' I 
I'ARN)ISI; ('0Vl:-KI(P 2 
l'NIiWlSl< ('( )VI:-RI<l' 3 
S,\N PI\HI I ) I3.\Y-1SI,ANI) #I  -KEP 1 
M N  P N 3 I I )  BAY-ISI.IWD H I-REP 2 
St\N P1U31.0 RAY-ISI.I\NI) dl-1WP 3 
SAN PAI~I.( 1 I ~ A Y - . ~  R I ~ S  IS.-RI:P I 
SAN PN~I.()  RAY-IT wns IS.-MI' 2 
S t W  PAHl .( 13AY-.II.rl3RS IS.-WP 3 
CrL5TKO ('( )VI:-I~VSo4 
P,WAl)lSI ('OVI-KIP 1 
I'~\R,\l)ISl~ C( )\'I?-W.P 2 
1',w,u)1sl: (.OVl~-lU~l' 3 
N. SO1 117 I RAY UEl:.-UI:l' I 
N. S( )I i.n I I<,\\. KII:.-UI:I' 2 
NlS( )1T:lIl RAY Kl+'.-KI<l' 3 
"'~l:As1 R l  I \ I  1 1 ' l '  I I - 

S. SO1 VSII l3.\Y Kl<l~.-Ul4' I 
S. Sl  )1 '1.1 I l3:\Y Kl~:l~~.-Ul!P 2 
S. Sl  )I T I  I l3,\Y Kl~l~'.-Kl~:l' .: 
'1'1 l\l!\I.l~:S l3.\Y-hl:\Ul'l )Nl (.OVl<-Ul~l) 2 
SA?! l';\l3l,l) l4.\S-'l'~ '1313s lS.-nl:l' I 
S,\V l';\l3l .I 1 l3;\S-.ll l313S IS.-RIP 2 
SAX I);\l3l.ll l3!\Y-'l'1'l3l3s lS.-~Iil '  3 
SAY l'.\l3I .I I l3.\~~-ISI.,\?!I) !I I-Kl!l' I 
S;\X l';\l31.ll I~ . \~~-ISI . I \XI)  !/I-Rl3' 2 
SAN I',\l31.( 1 l3:\l~-ISl,t\W ti I-Kl.:l' 3 

LEG - 
31 
31 
3 I 
31  
31 
3 l 
31 
? I  
3 I 
3 1 
31 
3 I 
3 1 
3 1 
31 
35 
35 
3 5 
35 
3 5 
35 
35 
35 
35 
35 
35 
35 
35 
35 
37 
37 
37 
37 
37 
37 
37 
17 
37 
37 
3 7 
37 
.: 7 
3 7 
3 7 
37 
37 
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Chemistry Summations and Quotients 



Chemistry Summations and Quotients 

STATION I W R < ;  
IN )I .INAS-,\I 'I)[ 'R( IN ('YN.-KI'P I 1228 
It1 )I .IN;\S-I\III)I q3ON C3YN.-RI3' 2 
131 )I .INAS-AI!I)I 73ON ('SN.-HIII' .? 

l',\R,\l)ISl< (~I~vlI-nI'l '  I 
l'.\Ut\I)ISl~ (-ovl:-nl;P 2 
l ~ , \ n m l s l <  (-( I\~I;-RI:.I~ 3 
'l'i )hl;\l,ltS l3,\Y-hl;W(.ONl (~OVl<-UI<l' I 
'I ( I ~ I A I , I < S  I~,\S-~.IAR(-ONI c( )\ll<-nl:.lB 2 
'1.i ) ~ I+ I , I<S  i$:\y-M,\n(-i )NI (-O\~I:-RI<I> .; 
SAN I ~ : U ~ I , ~  I I~AY-TI :I%I%S 1s.- n1;I1 I 
SAN I~,.\III.O RAY-IT 11413s 1s.- nl:il 2 
S:\N l',\l3l.O ll;\S-ll'I3l3S IS.- Rl<I' 3 
SAN I ~ . \ I ~ I . o  I~;\\--ISI.ANII u l - n w  I - . 
SI\N I'AI%I.i 1 HAY-ISI.AM) Y I-KI:I1 2 
SAN I~ , \ I~I , (  I I~,\Y-ISI.AM) 11 I -nw 3 
'l'( .IS HAY-MIW'OM ('( )Vli-KIP 1 
'I'Ohf;U.I<S l%AY-M,UtCOM C0VI:-REP 2 
' I 'C )hlXl .l<S RAY-MAR('0M ('OVI<-REP 3 
ISI,:\IS (-nl<l:k 
1'.4U,\I>lS~ (.i )\'l<-Rl:l' I 
I'.\KAI)ISE ('OVE-REP 2 
IIARN)ISE C( )\%-REP 3 
ShN 11.\131.() HAY-ISI.AND fl I-REI' I 
SAN 1'1Wl.0 HAY-ISISAM) BI-WP 2 
SI\N I'rWIX) 1lAY-ISLANl) #I-W.P 3 
S,\N I'trUI1.0 I ~ I \ Y - ~ W R S  IS.-REP I 
SAN I'IU3IX) It/\Y-TtrRRS IS.-REP 2 
SAN l'N31.0 HAY-n WBS IS.-W.1' 3 
('ASTH() C( )VE-EVS(M 
I':\RI\I)ISI C( )\E-RIP I 
I'r\KAI)ISI C0VI:;REP 2 
l'.W,\l)lsl: (-o\rl:-W,P 3 
N. S( 11 ql I HAY RI<F:-R13' I 
N. Si )I '1.1 I H.4S -REF.-HI'.I' 2 
N. SI II ~ I I I  lt;\~.nl<l:.-nIll .: 
.l.nl.:,\s1 lnl.: IS I : , \NI~- I , I I~I~I : ,~  c i n i ~ ;  
s. s( 11 ~1.11 IIAS nw.-nl<il I - 

s. s( ) I ~ . I I  I I<,\)- nw.-nv.1> 2 
S. Si )I "1.1 l I3hY R1:F.-KEP 3 
.I.( I~I.\I,I:.S I~;\S-LI,~U(-( )NI (-i ~vl:.-nl~ll 2 
S.\% l':\l3l.i) l~:\S-~Kl~I3I3S ls.-ul:l' I 
s . ~  I ' . \ I ~ I , ~  I I+,\S:I-I 1131~s l s . - n w  7 
S.\K I ~ . I I ~ I , ~  I II.\S-I.I!IXI~S is.-nl<1> 3 
s . 1 ~  I ~ . \ I ~ I . O  I+AS-ISI..\YI) I~ I -RI<I '  I 
s . \?  I * . \ I ~ I  ,( I 13.1s-ISI .,\NI) 11 I-RI'I' 2 
s . 1 ~  I ' , \ I ~ I . ( ~  I~,\S-ISI.AUI) ~ t l - n l ; l ~  .: 

DATE I.E<; 
4;25.94 3 I 
4/25!94 31 
4;25.94 321 
4 2  31 
5125'94 31 
42504  31 
4,20194~ 31 
4:26'94 31 
4:20.94 31 
4:2611)4 3 1 
4!26/04 . 3 I 
2 3 I 
4!27i94 31 ' 

4/27!94 31 
4.'27!94 .;I 
')!6/94 35 
9\6/94 35 
9 35 
')!6.94 35 
3/7/94 35 
9/7/94 35 
9/7/94 35 
9;7194 35 
9/7/94 35 
9fl~94 35 
918fi4 35 
9/8/94 35 
9i8194 35 
9/8/94 35. 
36/95 37 
316195 27 
316i95 37 
1:(1l95 37 
3!67)5 .. 37 
3 .(l:c)S 37 
:;7.95 37 
3'7.95 37 
3:7.95 37 
3.705 37 
3,X.OS 37 
' 5  .:7 
4 4 0 5  ;7 
4 4!)5 37 
4.4')5 .:7 
J 5 9 5  .:7 
4:J.')f, 37 

TTI. PCB 
-9.000 

1,MW PA11 IIMW PA11 TTI, PAH 
-9.00 -9.00 -9.00 

ARSENIQE 
-9.000 



Chemistry Summations and Quotients (cokt.) 

STATION 
HOI.IN,\S-.M~>~TRI IN CYN.-REP I 
I3( )I .INAS-A1Ilfl)lTRON C1TJ.-REP 2 
I3( )I .INAS-A1 Il)I V30N CiTJ.-REP 3 
P,UIAI)ISI: ('i )VI:-RI.1' 1 
I'ARN>ISE ('OVIi-UKP 2 
1'tWrU)ISE ('1 )VI:-RIP 3 
.n )MN.IIS HAY-MARCOM COVE-KI:P 1 
.SOMI\I.ES RAY-MARCOM C0VI;-RIiP 2 
'S( ) M N  .F:S I~I\Y-MIWC( ) M  ('OVI:.-RHI' 3 
S,\N 1'ARI X )  BAY-TI IHRS IS.- W.1' I 
SAN I'NiI.0 HAY-TITHRS IS.- W.P 2 
S;\N I'Al3I .O I ~ I \ Y - ' ~ . W R S  IS.- K1.I' 3 
S.\N 1'N\l .I, I3hY -IS1 .A?Jl> tll -K1'.1' I . 

S,\Y I',Uil ,( ) l3AY-IS1 ,AN11 HI -RKP 2 
S,\X l';U3l l3.4Y-IS1 . A N >  P I-IU3' 3 
'Sl )hi:\l,l:.s II/\Y-hi,W('l )Nl C( )vl:-W<l' I 
'l'( )hlr\l ,l:S I3hY-hlhRCt ) M  ('OVli-Klil' 2 
T( ) M N  ,l:S HAY-hi;W('OM ('( )VI-REP 3 
IS1 .AIS ( 'REIK 
I';W,\IIISI: (-o\l~:-~~<~' I 
P;\R,U)ISl: ('1 )\'I(-KliP 2 
P:W1\lIlSl< ( 7  )vI:-RIl' 3 
SAN I'IU~IX) HIZY-ISI.ANl> N I -RIP 1 
SIZN I'rUlI X)  13AY-IS1 .AND P 1;KF.P 2 
SAX I',\III,I IL\Y-ISI.ANI> H 1-ni:l' 3 . 
S;\N I'Al3l.I) I3AY-TIIl313S IS.-KF.P 1 
SI\N I'rU31.( ) I3AY-IT WI3S IS.-REP 2 
S,\N I'N11.() RAY-'1'1 IHHS IS.-RI'P 3 
(-;L.sR() COVF.-I;\;S(M 
I'ARhl>lSI: ('OVI-REP 1 
I'NIN)ISE ('( )VI<-REP 2 
P;UI,\l)lsl: (do\Jl:-RI:P 3 
N. S( )I ?I'll 13AY W.I'.-RIP I 
N. Sl )I ?I'll I)l\Y IU<1:.-RIP 2 
N. SI )I rr1 I I ~ , I Y  HIT.-KIP 3 
'1'RI:hSI lR1: ISL.;\ND-CI,IPPI'.R ('1 )\'I:, 
S. S( )I r l l l  I3AY wF.-W.P I 
S. SI )I rr l  I I ~ A Y  REF.-REP 2 
s .  )I 11'11 1311Y M:F.-w.f' 3 

)hl;\l , I 3  ll/\Y-hlARC( ) M  C( )Vl:-Rl<l' 2 
S.\N I1hl<l .( I+AY-'n1HI3S IS.-KI:I' I 
s . 1 ~  I ' , \ I I I , ~ )  I~AY-I I  WIIS is.-nl:1' 2 
s.\v l',,\l3l . t )  l3>\Y-'ll'I3l<S IS.-REI' 3 
S:\K l ' , \ l~l .(  ) 13.\\'-ISI,,\NI> // I-Rl;,l' I 
S:\X l'.\lll ,I I I3:\Y-ISI,ANI> I! I-RI3' 2 
s.\x I';\III , r )  IIA\.-ISI.,\NII 11 I-RI:I' 3 

DATE - 
4i25194 

LEG AR'SENIQP 
31 -9.000 

<:ADMIllQE CADMIIIQP CHROMIQE CIIROMIQP 
-9.OM#) -9.0000 -9.000 -9.000 



STATION 
I+( )I .IN.\S-,\( ;I)[ 'l3( )N ('\TI.-Rl3' I 
I# 1I.INAS-,\I 'I)l'IY )N (*\TI.-RIP 2 
131 )I,IN,\s-,\I r ~ ) [  :IN )N cm.-n1.:P 3 
I~<IK,\I)ISI< (-1 )vl<-nl<lB I 
l';\Rj\l)ISl: ('( )Vl<-Kl.:l' 2 
I',w:\l>lSI~: f.1 lVl;-Kl:.l' 3 
'1.f )hW1 .I:S Ili\Y-hl.ZRC'(-)NI C'( Mi-KI3 '  1 
'1.1 )hfh l  .I:S 13;\\-hlXRC'( ) M  ('OVIi-KIiI' 2 
.r( ) h f , ~  .I:S I ~ A Y - I L I , ~ C (  )NI (-( M:-RIP 3 
SAN PA131 ,( 1 l3,%S-T[ 10l3S IS.- Ul:.l' I 
S.\N I>,\I~I,O I I A Y - ' I ' I ~ I ~ I ~ S  1s.- n w  2 
S.4N 1'Altl.l) RAY-'1.1 [l3l3S IS.- Klil' 3 
SAN Phl3l .()  IIAY-IS1 .AM) 11 I -lUill I 
SAN 11:U31.() Ili\Y-ISl.ANl) UI-KI:I' 2 
S;\N l',\l%l.( I HAY-IS1 ,AYl) U I -KI:lB 3 
TOhl;\l .l:S HAY-hl;\RCONIC'f )Vi:-W:I' 1 
TOhlAL.IiS l3.4Y-M.AR('ONI ('OVE-tU<P 2 
.I'OM,U.I:S I~AY-M:\R(-( )M (-1 )vI -n l r l '  3 
IS1,NS (XI:liE; 
r m , u x s l r  ('c )M:-KI;.P I 
I'rWAlllSI: ('( )W:-UI<P 2 
P,whIllSI:  C'OVI:.-RIP 3 
S,\N I',\l3l.( ) IIAY-IS1 .?\NU MI -Rl:.P I 
SAN I'iUSI I )  IIAY-ISl.AND HI-KI'P 2 
S h N  I'N3I1) I~,\Y-ISLAND #I-lU<P 3 
SAN l',Wl I ) HAY-'I1 TRBS IS.-REP 1 
SAN PAl31I H.r\Y-Tl R B S  IS.-REP 2 
SdW P.4l31X) HAY-TlrRRS IS.-RF.P 3 
('WI'K( ) ('f )VF.-l:VS( W 
I'AR,\I)ISI: (-( ) v I - n I i p  I 
I'IW,U)ISE ('1 )Vli-lUiP 2 
Pm!UIISE COVE-W.P 3 
N. S( )l U l l  RAY REF.-W.P I 
N. s o l  ri.11 I ~ A Y  RI:F.-WP 2 
N. SO[ f f l  l 13AY KIP.-REP 3 
IW~ASI rnlr  ISI .ANIX-I.IPPER ('( )VI; 
s .  s( 11 ~ S I  I 1 3 . 4 ~  ntv.-tu:p I 
s. s o 1  ~ I I I  1 3 ~ s  nw.-nw 2 
S. SI w r1.l I HAY KEI:.-KIP 3 

NI.II.I.:S IMY-~~,WC-(  INI (-ovl<-nii l '  2 
S.\N I ' A I ~ I  .( ) I~:IY-I-I nns ls.-n1il' I 
S;\Y IJl\I3l .I ) I+,\Y-'1.1 U3RS IS.-KEI' 2 
S.\N l';\l3l ,I 1 lt.\S-'ll :l3l3S IS.-UI.:l' 3 
S.\S l'.\l3l.( ) l3.\Y-lSl..IVll 11 1.-Kl<l' I 
S.\N I'AI{I.I ) IL\S-ISI,.\YI) I I I -KI~I '  2 
s,\s l'.\l+l.( ) l ~ . \ ~ ~ - l S l  ..\XI> 11 l-Kl:l' 3 

Chcmistty Summations and Quotients (con't) 

MEHC ,!ROE 
- 9 . m  



Chemistry Summations and Quotients (con't) 

STATION 
I301 .INAS-AI'l)~'I3ON CW.-Kl'.I1 I 
I3( )I.INAS-AIWI 'I3oN CYN.-RII' 2 
I31 )l.lN.\S-;\Ill)I !%ON (YN.-Kl!l' 3 
ll.\n,\l)lsl: ( 3  )\'l<-m:l' I 
I'i\UNIISI;. ('( ) V i - R E P  2 
I ' I~ IU)ISI :  C( )VK-REP 3 
'r( A1AI .I:,S RAY-hI,WC( ) M  ('OVI-RI.1' I 
' s o h 1 ~ 1 . 1 : ~  I ~ A Y - ~ ~ ~ W C O N I  rovr: .-~li~ 2 
'S( )hI/\l ,l<S l3AY-hlIW(7 )Nl C'( )Vl<-RF.I1 3 
SAN P;\l1I ,O 1tAY-Tt T3l3S IS.- W P  1 
SiZN PN3I.()  HAY-11'HHS IS.- KEP 2 
S,\N 1',2131.() R,\Y-'nIRRS IS.- KEI' 3 
S.\N I',\RI.O I3XY-ISI.~\NI) 11 I-KI:P 1 ' 

S,\N PN3I.O I3AY-ISI,AM) MI-KI:I1 2 
S;\N PAl3l.O I1BY-ISI,?ZND U I-KI:P 3 
'l'( ) M N  ,I:.S RAY-MARCOM C( WII-RI3' 1 
'S0hIN.I:S RAY-MARCON1 ('0VI:-REP 2 
'fl )hlA1 .ES l3i\Y-hlXRCONl('( )VI<-RIP 3 
lSI,..\lS (*nIl:K 
PhK:\I)ISI: ('( )VK-W<P I 
l ' l \n , \ l~lsl< ('ovl:-n1:P 2 
l';\U;\l)ISl~. ( ' o v l : . - ~ i l '  3 
SI\N l',\l31.() I~.\Y-ISI.I\NII I /  I-Ul{P I 
S;\N lB;\131 ,() lL\Y-IS1 ,I\NI) 11 I-KF.1' 2 
S.\N I),zI~I.( ) I~,\Y-ISI.A~T) 11 I -nrs  3 
S;\N I'N31.() 13AY-TT'I3llS IS.-KI:I' 1 
S.\N 11A131,() lt,\Y-.lT V3l3S IS.-U1:I' 2 
S.\N 1';\13I,O l3,\Y-'I'l U3l3S IS.-N{l1 3 
I -;\Yru( ) (Y )vl:-l<\'s~kt 
l l ~ \ u / \ l ~ l s l ~  (-ovl:-uI:l1 1 
I';\KAIIISI: ('( )Vli-KliP 2 
I';W:\l)ISl. ~ ' o ~ l : - u l ~ l '  3 
N. SO1 W'll l$,\Y Rl<F.-Kl<ll 1 
K. S( )t vl.1 I HAY Kl~l: . -Kl~P 2 
X. S( )I VI'II l3.1Y Kl<l:.-Rl3' 3 
.I'Ul<.\SI 'nl: l s l , . \ ~ l ~ ~ l , l l l l ' l < u  (?)\'I: 
S. S( )I Vl'll 13:\Y Ul.:F.-Ul:l' I 
S .  S( )l i.1 I l I4hY UI:.I:.-Ul:.P 2 
s. S( )I .'I'll l3,IY nl:l:.-nI:l' 3 
' I (  ) i l . \ l , l ~ S  13. \Y-kl; \U( 'ONl(~~ )Vl<-Ul!l' 2 
S.\N l'.\l41.( ) l3,\Y-l'I 3313s IS.-UI3' I 
S.\Y l1,\l31 .( ) I\;\\-- 1.1 :1313S IS.-Rl<l' 2 
S.\V l'.\l3l ,I ) 13,\~~-I ' I~l313S IS.-Ul,:lB .: 
!;.is l'.\l3l.() I~I\Y-ISI,.\NI) !I I-UICI' I 
S.\!i l'.\l4l.l 1 l4.\\--lsl,;\%l) ~ ~ l - U I i l 1  2 
S \ \  l1 . \ l t I , ( )  I%.\ \  -lSl,.\Xl) ~ ~ I - K I ~ I '  3 

PPDDEQE 
-9.OW)(W 



Chemistry Summations and Quotients (con't) 

I<( )l.lN;\S-A\ fl)\!l3( IN (:YN.-KIl'.2 
Ii( 11 .IN,\S-,\I IllI 'l30N (.YN.-HI.:l' 3 
I'XUI\I)ISI' ('c )\'I:.-HliP I 
1',\n:\1)isi: (-1 )VI<-KI:P 2 
~l~,\U~\I)lSli  (.( )Vl~.-KIiI' 3 
'I'OXI,\I,I;S I ~ A Y - ~ ~ A H ( - I  )NI ri )VI~-KI ; I~  I 
'I,( )hf:\l . I 3  I3,\Y-hl,\UC( 1Nl (*( )\:V.-uI:l' 2 
'n )hl.\r.r:s ~ i , \ ~ - h m a t r  )NI t r ) v r c - ~ i i ~ ~  3 
S;\N I':\13IX) I3AY-ll rlH3S IS.- H1:I' I 
SAX I ' , \ I ~ I . ~  I ~ , \ Y - T \ ~ ~ I ~ s  IS.- n w  2 
S:\X l'.\l31,0 l3,\Y-'ll~I3l3S IS.- Ul'l' 3 
SAN I',U%I ,() I~AY-ISI,ASI> 11 l-nl.:l' I 
S,\N l';\131,0 131\Y-lSl.ANl) 11 1-UIY 2 
S.\N l1,\l3I.O l3,\Y-lSl,AXl) Hl-U1:.1'1 
'I.( )%f:\l,I:.S 13,\Y-bf .AH(.( )NI('l )Vl!-UI!l' I 
'11 )XI,\I.I~S I~AY-LI,\K(*ONI (-OVI:-HI~I~ 2 
TI )ki;u ,I:S I~AY-L~.\Rc( )NI(-( )VI<-RJ:I~ 3 
ISI . n ~ s  (-KI:I:K 
1'.\n,\i)Isl: (-( )vl:ynl.:ll I 
1'AHAI)lSIi (.( )Vl<-Hl3' 2 
I'r\UhlllSI~. ('( )VI:.-KI'.I' 3 
SAN I~ , \ I~ I , (  1 I~AY-ISI.,\NII 11 I-ni:l1 I 
SAV l'.\l3l,() 13,iY-lSl.AS1) ' 1  I-UIll 2 
S<\N l';U31,( 1 13AY-lSl,.ANl) 11 I-Kl!l' 3 
S,\N l',U3l,O 13,\Y-l1~3l3S IS.-Klil' I 
S.\N ~ ' n ~ s . o  I I , \ Y - ~ N I ~ S  ~ s . - l u i ~ ~  2 
S.AN I'hl3l I )  H,\Y-'I1 rHRS IS.-RIiI' 3 
(',\SIR( 1 ('o\~f<-I:vS(W 
ll.\n,\l)isli c o v ~ i - K I T  I 
I'AH,\I)ISI~ ('O\'I<-WP 2 
l',W,\I~lSt covl i - lu :P  3 
N. s o l  r r l l  RAY UI~F.-W<P I 
N. St )I Ill I I3AY UliF.-REP 2 
X. Sl )I T I  I l3AY UIVI-W.1' .; 
. I R I C A S I ~ R I ~  ISI,I\N~X-I,~'PI:.R ( - ~ v I :  
S. S( )I Wll I3AY REV.-W.1' I 
S. S( )I in I I ~ A Y  KI:..I:.-RI~I' 2 
S. Sc I\ (TI I Rr\Y REF.-W.P 3 
'l'( )MA1 . I S  13AY-hlN1C( )N1('0 WE-KI'P 2 
s . 1 ~  II:U~I,() I~,\Y-.~\IHHs IS.-KI:I' I 
S,\N PIZRl,( I lhY-11 'HHS IS.-KIT 2 
SAV I ~ N ~ U )  l3rZY-.nwxns IS.-W.P 3 
SAN I ' h n l l )  13AY-IS1,AND H I-REP 1 
S.\N I'.\1311) RAY-ISI.AND f l  I-KF.P 2 
S.\N l'A11I.O 13;iY-1SI.ANI) # I - K I P  3 

LINDANEQP - - --  TTI,R.BQE TTLPCBQP 
-9300 -9.000 -9.000 



Chemistry Summations and Quotients (con't.) 

STATION 
I N  )I IN.\S-A1 'l)1 !I%( )Y CYN -nl..ll I 
I%( )l.lN:\S-;\I 'l>1 1131 IN ('YN.-Rl:l' 2 
\<()I . INI\S-, \~ 'I~~~I~(IN C\N.-Ul:.P 3 
l',\n,\l~lsl< ~~ovl!-nl:.I' I 
I~AUN)ISI~  ('( )vI:-ulrl' 2 
PAR,\l)ISl: ('OVI-Ul!P 3 
'I'OhfAl.IS I~.\Y-MI\R('OM COVI-REP I 
'I'OMXI.IS HAY-MAK('0M COVI<-KIP 2 
TOhttU RAY-MARC'OM C0VF.-REP 3 
S;\N I1/ZRI.() RAY-IT RI3S IS.- W:.P 1 
S,\N PzUII.0 RAY-TI N3HS IS.- mP 2 
SAN PN)ll)  l3hY-TlRHS IS.- KI<P 3 
SAN I'AH11) HI\Y-ISI.AM) 4 1 -KIT 1 
SAN I'iWI .( 1 I3AY-IS1 .AN11 H I-KIP 2 
SAN I'N3l.l) HAY-ISI.ANI) 11 I-KIT 3 
Tt )MN,F.S BAY-MARCOM COVE-Rl',I' \ 
TOMN .liS HAY-MARCON1 COVI-REP 2 
T0hf.1U ,IS RAY-MARCOM ('OVE-REP 3 
Isl.l\ls (-KIl:K 
P,u1-:\11ISl! C( )VI<-WI' I 
P,W\KN)ISI:. ('OW:.-KIP 2 
PNWXSE COW,-REP 3 
SAN PAHl.0 RAY-ISLAND #I-REP 1 
SAN l"/ZRI.() RAY-IS1,AND #I-W:,P 2 
SAN I'M31 X )  HAY-ISLANLI #I -REP 3 
SAN PPN)I,O HAY-TlrRRS IS.-REP 1 
SAN PAHU ) BAY-TI rRRS IS.-REP 2 
SAN P.4HLO RAY-TI rRBS IS.-REP 3 
('h'31'RO CO\T-f3!SOJ 
PlUI,U)ISI' CO\"l:.-RI:.P 1 
PlUI.WIS1: COVI-RKP 2 
Pm,wlsl.: Covl;-KIP 3 
N. SO1 'TI I RAY Rl.:l'.-RIP 1 
N. XI11 "1.1 I l3AY Ul.:l.'.-REP 2 
N. Sl )I TI I IiAY Rl.:l...-MI1 3 
.I'KI.:ASI IUI; ISI ,Ar\nrc.r ,~'I'I:U i'( ~vr: 
s. S( )I r1.11 Ih\Y nl:F.-Kl~l' I 
s. s( )I VI I I+. \Y ul~l:.-nl:l* 2 
s. s( )I VI'I I 1 3 ~ 1 .  RI:V.-n1:l1 3 
'1.1 )LI.\I .IS I%.\Y-~I,\n(-( )NI (Y )vt..-nw 2 
S.Vi l',\l3l,( I3,\Y-'K1 Yl313S IS.-Kl{l' I 
S:\% \'.\l\\,O \b\Y-'Vt7I3\\S 1s.-UV.\' ? 
s.15 I ~ , \ I ~ I . ( )  I%..IY:I'I T~3~3s 1s.-nw 3 
S;\h l',\ltl.( 1 l%.\Y-IS1 ,;\MI 11 I -Kl.:l' I 
s . \ v  I ' .\I~I.() II;\Y-ISI,AW) lll-nl.:l' 2 
S,\Y ln,\l$l ( ) l3.\\ -lSl..\Xl) !I I-Ul!l' 3 

ANTQE ANTQP 
-9.00000 -9.00000 

BAAQE 
-9.00000 

BMQP BAPQE BAPQP CHRQE <:HRQP IIBAQE 
-9.(M000 -9.00000 -9.000IM -9.0000 -9.00000 -9.00000 



Chemistry Summations and Quotients.(con't) 

STANI'M STATION IDOR<; DATE I,E<; DBAQP FLAQE FLAQP I;LUQE FLITQP MNP2QE MNP2QP NPHQE NPHQP PHNQE PHNQP PYRQE 
20008.0 H( ll,IN,kS-1\1 W1 WON C W . - W . P  I 1228 4/25/94 31 -9.C(M00 - 9 . m )  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.OOOOO 

H( )l.lNAS-A1 S>l rH( IN CYN.-REP 2 
IIOI,INhS-A1 I1>ITRON ('YN.-REP 3 
I'An,U)ISI:. ('( IWi-RIP 1 
P,W,\l)ISli ('( )W.-REI' 2 
P , ~ A I ) I S I (  CO~K-RI~ I '  3 
T( ) M A  ,ES I3.4Y-MAR<'OM COVE-REP 1 
.~)M,\I.I;s RAY-MARCOM (-OVI-KIP 2 
1Y )hlr\l ,l:S HAY-M.ZR('0M C( )VI-RIP 3 
S:\N P N I I . 0  HAY-'IIrHnS IS.- K I P  1 
SAN I',\13I.O lIAY-'lllRl3S 1s.- RliP 2 
S,4N l',\I31,0 l3i\Y-'lIqIl3S IS.- R I P  3 
S h N  I'hlll .t ) I3hY-IS1 ,AND C I -UltP 1 
SAN l3.UIl ,( ) IIAY-IS1 ,;\M) #I  -Rlil' 2 
S I W  I'i\lIl.O I3AY-ISI.AND U I - W P  3 
.I.( )h t , \~  ,I:S BAY-MII~C-ONI (-( )vr:-nt:r I 
'l'Obl:\l,l~S I~;\Y-~.~J\R(.OM CO\'l<-W4' 2 

)MAI .I.:s I~AY-M,\R(-( )NI (-o\~I-RI;I' .: 
ISI.,US c'uI:I;E; 
lB,\n,u)ls1: (-ovI-~v.I' I 
l',w;\l)lsI: (.( )VIi-Rlil' 2 
I'I\R;\I)ISI: (-o\~I-uII' 3 
Sr\N I'.UIl.( ) IIhY-IS1,AND U I -RI<P I 
SAN I'A111.() IlhY-IS1,AND Bl-KIP 2 
SI\N l',Ull A ) NAY-IS1 ,AND JJ 1-Rlil' 
S;\N 1';\13l,() IIAY-'1'1 VII3S IS.-RIP 1 
Sj\N I',\III .O I3,\Y-T1 S3lIS IS.-R1:P 2 
S,-\N I'AIII IIAY-11 ilIl3S 1s.-lU<P 3 
<.,\SIR() ('( )\:I:-l<\'So4 
l'lW>\I)TSli ( 7  )Wi-RIP I 
l',W,\l)lsl: ('OVIi-UIiP 2 
l',\R.\l)ISl< (-( )vli-uI:l' 3 
N. S( )[ rl'll I3,\Y Rl.:l:.-Ulil' I 
K. S( )I rl.1 I l3,\Y Ul<l'.-Ul<l' 2 
N. SO[YIII IIAY RI:I...-RI:I'Y 
TRI:.ASI lnii  ISI ,,\MM-I ,IPPI;R (-()\!I 
S. sc )t ~ I I  1 1 3 1 1 ~  KI:I:.-REP I 
S. S( rill HAY REF.-RI:P 2 
S. St 11"l'lI I3AY KI<E'.7RlP .: 
.I.( )Ll/\I , I 3  l%:\Y-hf~\R(-( )Nl('( )\ll'.-Rlil' 2 
S,\N l';\l%l.( 1 lI.\Y-'1'1 11313s IS.-W,P I 
s.\x I'.\lIl,() I3AY-'l.1 i13IIS ls.-UI;l1 2 
S,\N I'.\Hl.( I I3,ZY- 1'1 llllIS IS.-KICP 3 
s;\K l ~ . \ l l l . ~  ) l3;\Y-lSI .AM> 11 I-Ul:P I 
SI\N l'.\I31 1 l%;\Y-lSl,,\W) (1 I-RI:l1 2 
SAX I'.\I{I A )  I~ , \ ) . - ISI . .~N~)  11 l - n l < r  3 



Chemistry Summations and Quotients (con't.) 
. . 

S T A T I O N  
I%( )I INA AS-,\t'l)l 'I3i )N (.YN.-KI!P I 
13( )I .INI\S-,~I~I)I '13( IN (TN.-Rl3' 2 
I%( )l.lN:\S-,\1 1I)l'Rl )N CYN.-Rltl' 3 
I',\RAI)ISI; (-O\~I;-RI:I' I 
!'<\R,\l)ISl< ~~o\ ' l :-Rl<l '  2 
l',\R~\l)lSl< ('O\'I<-KIT 3 
'I'i )hf.41,13 l3;\S-hl.4R(,~OM ~'O\ ' l~-KI<P I 
'TOhlN ,liS I3/\Y-hl,UI('( IN1 ('OW.-KEI' 2 
'S( )Mt\I .I<S 13;\S-hlARCOM C i  )VI:-RI<P 3 
SAN 1'1\13I,O l3t\Y-~lI'Rl3S IS.- RF.1' I 
SAX l':\l3l,l~ IiAY-.S1V3IlS IS,- Rl<P 2 
S,\N I',\l31,() l3.4S-.I'1 ll3l3S IS.- RI<l' 3 
S;\N l',\l3l.( ) I~I \Y-ISI .AW I-Rl.:l' I 
S:\N l',\l3l.i) 131\S-ISl,.4Nl) HI-Rl<l' 2 
SAN l'AI3I.O I~I\Y-ISI.ANL) 111-Rl:l' 3 
~I'OMAI,I!S I3;\Y-MARCONI ('0Vl:-RI'I' I 
'IT bO\l  .l:.S 13~\Y-MAKCOM COVli-RliP 2 
TOhlN.l!S 13hS-M,W<'OM C0VI:-KI<P 3 
ISI.NS ('KliEh; 
PAK;\l)ISI! COVI<-RIP 1 
1'rWN)ISE COVE-REP 2 
P/WN)ISI( COVE-RIP 3 
SAN PAHl.0 BAY-ISIAND H 1-RI<P 1 
SAN PN\l.(  1 HAY-ISlAM) N 1-REP 2 
S,\N P1U3l.l) RAY-ISI.AND HI-KI:P 3 
S,\N 1'1~31 ,o n A \ i - n r ~ l ) s  IS.-REP I 
SAN Pl\nlX) I3AY-IlrRRS IS.-W.P 2 
SAN PN3l.O HAY-lTrRRS IS.-REP 3 
CASI'RO ('OVE-EVSCM 
l '~WAl~lSl<  (-OVE-REP I 
PARNNSI: ('0VI:-RI;P 2 
PN1AI)ISE CoVI:-IU.:P 3 
N. SOlrl71 I)AY REF.-REP I 
N. s o l  mi e.\u REF.-RI:P 2 
N. S o l  r l l i  RAY REF.-RIP 3 
TWliASlrRI: ISI,AMM'I.IPPER ('OVI: 
S. S( )I r .ni  RAY RI:I:.-KIP I 
S. S( )I rl'll HAY REF.-REP 2 
S. S( 11 rrr 1 I ~ A Y  REF.-M:.P 3 
Ti ) M N  , I 3  l3.4S-Mi\RC( )Nl C( WE-W.P 2 
SAN I'/\I%l,() Ii;\Y-'l'1 '1313s IS.-RI<P 1 
S,\N 1',Wl .I ) l3hY-TI 'BIIS IS.-RIIP 2 
S,\N l',\l41 ,i ) 13AY-'l'l BI3S IS.-RI4' 3 
SAN l',\I\I,( ) I\,\Y-lSl,ANl> 11 I-WI'  1 
SAW I'..II~I,O I~AS-ISI,ANI) 11 I-RI:I) 2 
S;\V l';\l<l ,O 13;\S-ISl,AM> 11 I -RIP .: 

I,E(; P Y R Q P  I ,3 l \VPAllQE 1 , M W P A I I Q P  I I M W P A H Q E  
3 I -'>.O(M(IO -9.000MO -9 U O O  -9.OUOOU 

H M W P A H Q P  
-9.00000 

T T L P A H Q E  
-9.00000 

T T L P A H Q P  
-9.00(100 



Appendix B 

Toxicity Data 







I.E(; TYPE I.:EI-BATCH 
31 S A M  b031ces303 
31 FR 
31 I-R 
31 S A M  hO3Iccs103 
31 IR 

I I-R 
31 . S A M  M)3lms103 
31 1% 
31 IR 
3 l S A M  hO3 Iecsa03 
31 IR 
?I IR 
31 S A M  M)3lccs103 
7 I I-R 
31 I-R 
71 CI hO3lccs;lOZ 
35 S A M  hOZSee.wO3 
t i  I-R 
35 FR 
35 S A M  b035ccr;103 
25 I-R 
35 FR 
35 S A M  b035eew03 
35 FR 
35 I-R 

S A M  . W3Sce~~03 
35 FR 
35 FR 
35 S A M  M35ee.uO3 
35 S A M  b035ee.003 
35 CI 
37 S A M  
37 FR 
37 FR 
37 S A M  
37 FR 
37 FR 
37 S A M  
37- m 
37 FR 
37 S A M  
37 S A M  
37 S A M  
37 FR 
37 m 
37 S A M  
37 I-R 
37. FR 
37 CI 
37 C2 

San Francisco Reference Site Study Toxicity Data 



San Francisco Rciercnce Site Study Tnxicity Data 

TYPE 
S A M  
I* 
m 

SAM 
1% 
I* 

S A M  
FR 
PR 

S A M  
1;R 
m 

S A M  
FR 
r-R 
CI 

S A M  
FR 
FR 

S A M  
F R .  
FR 

S A M  
FR 
FR 

S A M  
I=R 
FR 

S A M  
S A M  
CI 

S A M  
m 
I=R 

S A M  
FR 
FR 

S A M  
1.R 
1.R 

SAM 
S A M  
SAM 
IR 
I .R 

S A M  
I .R 
I-R 
CI 
C2 





1'1 
P'I 

S.P 

V l Z  
L'S I 

CXI  

8'2 1 
5'01 
P'0 I 

I'PI 

9'2 1 

VE I 
L'Z I 
C'I I 
S'z I 
2'01 
C'OI 
2'2 1 
L E  I 
VZ I 
2'1 I 
Z'Z I 
8'1 1 , 
9'1 1 
6'6 
1 x 1  
1 ' 1  I 

7 3  L i  
1 3  L i  
&I LC 
&I L i  

W V S  Lk 
I L i  
tl L i  

W V S  L i  
W V S  L i  
W V S  L i  
&I L i  
XI L i  

W V S  LC 
&I Lk 
&I LC 

W V S  LC 
8 4  LC 
ad LC 

W S  LC 
1 3  SC 

wvs sr 
wvs st: 
&J SE 
&I SE 

W V S  SC 
&J SE 
4 SC 

W V S  SE 
I S i  
&I SC 

wvs SC 
&I sc 
8.1 s i  

W V S  5 2 .  
13 I i  
&I I i  
&I 15 

W V S  I i  
8.1 - I i 
Htl I i  

wvs 1% 
x.1 l i  
&I l i 

W V S  I i  
a.1 I i 
x.1 l i  

W V S .  I T  
HI It 
&I l i  

wvs l i  

YdAL :>:TI 

0 
0 

L L f  I 
YLPl 
SLPl 
PLPl 
i L P I  
ZLPl 
1 LPl 
OLtt  
6')t 1 
8') P l 
LYVl 
9Yt  l 
S9PI 
W P  I 
i 9 P l  
Z9P I 
19PI 
0 
I I P I  
01P1 
m 1  
WI 
LOP I 
90P I 
sot l 
m P  I 
iOP I 
ZOPl 
lOPl 
W P  I 
6 6 i  l 
Xbi l 

0 
i t 7 1  
ZiZ I 
l i z l  
o i i  I 
6221 
XZZ l 
LZZ l 
'JZZ I 
577 1 
f;; l 
LZZI 
72; 1 
I;Zl 
I)CZI 
61Zl 

!)H0(11 

O'P I UOZ 
O'PI002 
O'v100z 
0'5100Z 
0.5 1002 
(r i1ooL 
0'2 1 0 7  
O'bO(X)z 

0301~)s 
O'V(KW)Z 
O'Y(K)OZ 
O ' L W Z  
O'LOOOZ 
O'L000i 
0'50002 
0'sooOz 
O's0002 

P" 

P" 
IZIO'O 

P" 

P" 

9LZ0'0 

OZWO 
P" 

6 S W 1  . 
E810'0 
zzmo 
8620'0 
L8U)'O 
t910'0 
E910'0 
PPOO'O 
6020'0 
L8WO 
OLWO 
88 10'0 
LZIUO 
OE10'0 

Z'C 
6' 1 
i ' z  

I '0 

8 '2 

6'2 
S' Z 
I 'P 
S'E 
0' C 
I 'E 
1'5 
9'P 
8'z 
Z' I 
P' 2 
P'C 
i 1  
9'5 
0' P 
9.C 

YPI'O OLI'L 

oz0'0 006'1 
P" P" 

OLI'O W S E  
820'0 OOTP 
ESO'O W L  
860'0 OW-Pl 
950'0 009'9 
620'0 009'E 
vmo OOE'Z 
8U)'O 00L.Z 
610'0 OOL'Z 
910'0 006'1 
910'0 W Z  
1 1 0 ' 0 .  m z  
800'0 00L' I 
210'0 mI 

P" os0'0 
WOO'O $8 1 0  
EEWO 062'0 

P" 180'0 
11WO OEI'O 
8000'0 PZZ'O 
s100'0 280'0 
. P "  PSO'O 
5000'0 9S0'0 
2100'0 os0.0 
I W O  921'0 
s000'0 OPO'O 

P" ZC0'0 
PU 8E0'0 
P" om0 
P" SS0'0 



Appendix C 

Data Base Description 



DATA BASE DESCRIPTION 

for the 

SAN FRANCISCO BAY REFERENCZ STUDY PROJECT 
BPTCP LEGS 31, 35, & 37 

A Report prepared for the 

California State Water Resources Control Board 
Bays and ~stuaries Unit 

Bay Protect.ion and Toxic Cleanup Program 

by the 

California Department of Fish and Game 
Marine Pollution Studies Laboratories 

7711 Sandholdt Road 
Moss Landing, CA 95039 

OCTOBER, 19 9 5 



1 OVERVIEW OF THE BAY PROTECTION. PROGRAM 

The ~alifornia State Water Resources Control Board (SWRCB) has 
contracted the California Department of Fish and Game (CDFG! to 
coordinate the scientific aspects of the Bay Protection and Toxic 
Cleanup Program (BPTCP), a SWRCB program mandated by the 
California Legislature. The BPTCP is a comprehensive, long-term 
effort to regulate toxic pollutants in California's enclosed bays 
and estuaries. The program consists of both short-term and long- 
term activities. The short-term activities include the 
identification and priority ranking of toxic hot spots, 
development and implementation of regional monitoring programs 
designed to identify toxic hot spots, development of narrative 
sediment quality objectives, development and implementation of 
cleanup plans, revision of waste discharge requirements as needed 
to alleviate impacts of toxic pollutants, and development of a 
comprehensive database containing information pertinent to 
describing and managing toxic hot spots. The long-term 
activities include development of numeric sediment quality 
objectives; development and implementation of strategies to 
prevent the formation of new toxic hot spots and to reduce the 
severity of effects from existing toxic hot spots; revision of 
water quality control plans, cleanup plans, and monitoring 
programs; and maintenance of the comprehensive database. 

Actual field and laboratory work is performed under. contract: by 
the.California Department of Fish and Game (CDFG). The CDFG 
subcontracts the toxicity testing to Dr. Ron Tjeerdema at the 
University of California at Santa'Cruz (UCSC) and the laboratory 
testing is performed at the CDFG toxicity testing laboratory at 
Granite Canyon, south of Carme-1. The CDFG contracts the majority 
of the sample collection activities to Dr. John,Oliver of San 
Jose State University at the Moss Landing Marine Laboratories 
(MLML) in Moss Landing. Dr. Oliver also is subcontracted t.o 
perform the TOC and grain size analyses, as well as to perform 
the benthic community analyses. CDFG personnel perform the trace 
metals analyses at the trace metals facility at Moss Landinq 
Marine ~aboratories -in Moss Landing. The synthetic organic 
pesticides, PAHs and PCBs are contracted by CDFG to Cr. Ron , 

Tjeerdema at the UCSC trace organics facility at Long Marine 
Laboratory in Santa Cruz. . MLML currently maintains the Bay 
Protection and Toxic;Cleanup Database for the SWRCB. Described 
below is a d'escription of that database system. 

11. DESCRIPTION OF COMPUTER FILES 

The sample collection/field information, chemical, and toxicity 
data are stored on hard copy, computer disks and on a 486DX PC at 
Moss Landing Marine Laboratories. Access is limited to Russell 
Fairey. Contact Russell Fairey at (408) 633-6035 for copies of 
data. The data are stored in a dBase 4 program a ~ d  can be 
exported to a variety of formats. There are three hjckups of 
this database stored in two different laboratories. The data are 
entered into 1 of 2 files.'. CHM31-37.GEF file contains all the 



collection and chemical data. TOX31-37.DBF file contains all the 
collection and toxicity test data. A hardcopy printout of the 
dBase database structure is attached, showing precise 
characteristics of each field. 

The CHM31-37.DBF file is the chemistry data file which contains 
the following fields (the number at the start of each field is 
the field number ) : * 

1. STANUM. This numeric field is 7 characters wide with 1 
decimal place and codtains the CDFG station numbers 
that are used statewide. The format is YXXXX.2 where Y 
is the Regional Water Quality Control Board Region 
nuqber and XXXX is the number thai corresponds to a 
given location or site and Z is the number of the 
station within that site. An example is San Pablo 
Bay- Island +1, in San Francisco Bay, where the STANUT4 
is 20007.0. The 2 indicates Region 2. The 0007 
indicates that it is Site 7 and the ;O is the replicate 
(if any) at the station within Site 7. 

2. STATION. This character field is 30 characters wide &nd 
contains the exact name of the station. 

3. IDORG. This numeric field is 8 characters wide and ccntains 
the unique i.d. organizational number for the sample. 
For each station collected on a unique date, an idorg 
sample number is assigned. This should be the field 
that links the collection, toxicity, chemical, and 
other data bases. 

4. DATE. This date field is 8 characters long and is the date 
that each sample was collected in the field. It is 
listed as MMiDDIYY. 

5. LEG. This numeric field is 6 chara,cters wide and is t.he 
leg' number of ,the project in which the sample was 
collected. 

6. LATITUDE. This character field is 12 characters wide and 
contains the lat.itude30f the center of the sttation 
sampled. The format is a character field as follcws: 
XX, YY, ZZ, where' XX is, in degrees, YY is .in minutes, and 
ZZ is in seconds or hundreds. 

7. LONGITUDE. This character field is 14 characters wide and 
contains the longitude of the center of the station 
sampled. The format is a character field as follows: 
XX,YY,ZZ, where XXX is in degrees, YY is in minutes, 
and Z Z  is in seconds or hundreds. 

8. ' H'LII'JT'_SECS. This character is 1 character. wide and coqtnins 
the 33signaticn "12"  if the latituds and 1cngit.ude sre 
gi\.ren in deorees, min'utes, hundreths of a minut.e. The 



designation "s" is given when latitude and longitude 
ar,e given in degrees, minutes, seconds. 

9. - GISLAT. This numeric field is 12 characters wide v~ith 8 
decimal  laces and contains the latitude of the staticn 
sampled in Geographical Information System format. The 
format is'a numeric field as follows: XX.YYYYYYYY, 
where XX is in degrees and YYYYYYYY is a decimal 
fraction of the preceding degree. 

10. GISLONG. This character field is 14 characters wide with 
8 decimal places and contains the longitude of the 
station sampled. The format is a character field as 
follows: XXXX.YYYYYYYY where XXXX is in degrees and 
YYYYYYYY is a declmal fraction of the preceding degree. 

11. DEPTH. This character fiel'd is 4 characters wide and 
.contains the depth at which the sediment sample was 
colle'cted, in meters to the nearest one half meter. 

12. METADATA. This is an index directing the user to takles 
or files. of ancilla'ry data pertinent to associated 
test. Character .field, width 12. 

TRACE METALS IN SEDIMENT.are presented in fields 13 through 32. 
All sediment trace metal results are reported on a dry weight 
basis in parts per million (ppm). 

A. When the value is missing or not analyzed, the value 1 s  
.reported as "-9.0" = not analyzed. 

B. When the value is less than the detection limit of t h e  
analytical test, the value is reported as "-8.0" = not. 
detected. 

Sediment trace metals are numeric. fields of varying character 
width, and including the following elements, listed by field 
number, then field name as it appears in the database, then 
numeric character width and number of decimal places: 

TMMOIST. 6.2;. 
ALUMINUM. 9.2 
ANTIMONY. 7.3 
ARSENIC. 6.3 
CADMIUM. 7.4 
CHROMIUM. 8.3 
COPPER. 7.2 
IRON. 7.1 
LEAD. 6.3 
NNGANESE. 7.2 
MERCURY. 7.4 
NICKEL. 7.3 
SILVER. 7.4 



26. SELENIUM. 6.3 
27. TIN. 8 . 4  
28. ZINC. 9 . 4  
29. ASBATCH. 5 . 1  
3 0 .  SEBATCH. 5.1 
31. TMBATCH. The Batch number that the sample was digested 

in, numeric character width 5 and 1 decimal places. 
32. TMDATAQC. Data qualifier codes are notations used by data 

reviewers to briefly describe, or qualify data and the 
systems producing data, numeric character width 3. 
Data qualifier codes are as follows: 

A. When the sample meets or exceeds the control criteria 
requirements, the value 1s reported as "-4". 
B. When the sample has minor exceedeilces of control criterla 

but is generally usable for most assessments and 
reporting purposes, the value is reported as " - 5 "  . For 
samples coded " - 5 "  lt is recommended that if 
assessments are made that are especially sensitive or 
critical, QA evaluations should be consulted before 
using the data. 

C. When Qk samples have major exceedences of control criteria 
requirements and the data are not usable forlmost 
assessments and reporting purposes, the value is reported as 
" - 6 "  

D. When the sample has nunor exceedences of control criteria 
and is unllkely t.o affect assessments, the value 1s 
reported as -3. 

SYNTHETIC ORGANICS are presented in fields 33 through 147. All 
synthetic organic results 'are reported on a dry weight basls in 
parts per billion (ppk or ngig) . 
A. When the value is missing or 'not analyzed, the value is 

reported as "-9.0" = not analyzed. 
B. When the value is les's than the detection limit of the 

analytical test, the \:slue is reported as "-8.0" = not 
. . detected. 

Synthetic organics are reported on a dry weight basis in parts 
per billion (ppb or ng;g) and are numeric fields of varying 
charact-er width, and include the following compounds, listed by 
field number, then field name,as it app,ears in database (and 
followed by the compound name if not obvious), and then finally, 
the numeric. character width and number of decima1,places is 
given : 

33. SOWEIGHT. This numeric field is 6 characters wide with 2 
decimal places and contains the weight of the sample 
extracted for analysis. 

34. . SOMOIST. This numeric field is 6 characters wide wi't.h 2 
decimal places'and contains the percent moisture of the 
sample ext.ract.ed. 

35. ALDRIN. 9.3 
36. CCHLOR. cis-chlordane. 9 . 3  



TCHLOR. trans-Chlordane. 9.3 
ACDEN. alpha-Chlordene. 9.3 
GCDEN. gamma-Chlordene. 9.3 
CLPYR. Chlorpyrifos. 8.2 
DACTH. Dacthal. 9.3 
OPDDD. 0,~'-DDD. 8.2 
PPDDD. p,p'-DDD. 9.3 
OPDDE. o,p0-DDE. 8.2 
PPDDE. p,pl-DDE. 8.2 
PPDDMS. PIP'-DDMS. 8.2 
PPDDMU. PIP'-DDMU. 8.2 
OPDDT. o,p1-DDT. 8.2 
PPDDT. p,p1-DDT. 8.2 
DICLB. p,pl-Dichlorobenzophenone. 8.2 
DIELDRIN. 9.3 
ENDO-I. Endosulfan I. 9.3 
ENDO-11. Endosulfan 11. 8.2 
ES04. Endosulfan sulfate. 8.2 
ENDRIN. 8.2 
HCHA. alpha HCH 9.3 
HCHB. beta HCH 8.2 
HCHG. gamma HCH (Lindane) 9.3 
HCHD. delta HCH 9.3 
HEPTACHLOR. 9.3 
HE. Heptachlor Epoxide. 9.3 
HCB. Hexachlorobenzene. 9.3 
METHOXY. Methoxychlor. 8.2 
MIRE);. 9.3 
CNONA. CIS-Nonachlor. 9.3 
TMON.4. t rans-nonachlor. 9.3 
OXAD. Oxadiazorl. ' 8.2 
OCDAN. Oxychlordane. 9.3 
TOXAPH. Toxaphene. 7 . 2  
TBT. tributyltin. 8.4 
PESBATCH.The batch number that the sample was extrscted in, 
numeric character wldth 6 and 2 decimal places. 
PCB5. 9.3 
PCB8. 9.3 
PCB15. 9.3 
PCB18. 9.3 
PCB27. 9.3 
PCB28. 9.3 
PCB29. 9.3 
PCB31. 9.3 
PCB44. 9.3 
PCB49. 9.3 
PCB52. 9.3 
PCB66. 9.3 
PCB70. 9.3 
PCB74. 9.3 
FCB87. 9.3 
E'CB95. 9.3 
PCE97. 9 . 3  
PCB99. 9.3 



90. PCB101. 9.3 
91. PCB105. 9.3 
92. PCB110. 9.3 
93. PCB118. 9.3 
94. PCB128. 9.3 
95. PCB132. 9.3 
96. PCB137. 9.3 
97. PCB138. 9.3 
98. PCB149. 9.3 
99. PCB151. 9.3 
100. PCB153.. 9.3 
101. PCB156. 9.3 
102. PCB157. 9.3 
103. PCB158. 9.3 
104. PCB170. 9.3 
105. PCB174. 9.3 
106. PCB177. 9.3 
107. PCB180. 9.3 
108. PCB183. 9.3 
109. PCB187. 9.3 
110. PCB189. 9.3 
111. PCB194. 9.3 
112. PCB195. 9.3 
113. PCB201. 9.3 
114. PCB203. 9.3 
115. FCB206. 9.3 
116. E'CB209. 9.3 
117. AR01248. 9.3 
118. AR01254. 9.3 
119. AR01260. 9.3 
120. AR05460. 9.3 
121. PCBBATCH. The batch number that the sample was extracted 

in, numeric character w1dt.h 6 and 2 decimal place. 
122. ACY. Acenaphthylene. 8.2 
123. ACE. Acenaphthene. 8.2 
124. ANT. Anthracene. 8.2 
125. BAA. Benz [a] anthracene. 8.2 
126. BAP. Benzo [alpyrene. 8.2 
127. BBF. Benzo[b]fluoranthrene. 8.2 
128. BKF. Benzo [k] f luoranthrene. 8.2 
129. BGP. Benzo [ghi] perylene. 8.2 
130. BEP. Benzo [el pyrene. 8.2 
131. BPH. Biphenyl. 8.2 
132. CHR. Chrysene. 8.2 
133. DBA. Dibenz[a,h]anthracene. 8.2 
134. DMN. 2,6-Dimethylnaphthalene. 8.2 
135. FLA. Fluoranthrene. 8.2 
136. FLU. Fluorene. 8.2 
137. IND. Indo[l,2,3-cdlpyrene. 8.2 
138. M W 1 .  1-Methylnaphthalene. 8.2 
139. MNP2. 2-Methylnaphthalene. 8.2 
140. MPH1. 1-Methylphenanthrene. 8.2 
141. NPH. Naphthalene. 8.2 
142. PHN. Phenanthrene. 8.2 



143. PER. Perylene. 8.2 
144. PYR. Pyrene. 8.2 
145. TMN. 2,3,4-Trimethylnaphthalene. 8.2 
146. PAHBATCH. The batch number that the sample was extracted 

in, numeric character width 6 and 2 decimal places. 
147. SODATAQA. Data qualifier codes are notations used by data 

reviewers to briefly describe, or qualify data and the 
systems producing data, numeric character width 3. Data 
qualifier codes are as follows: 

A. When the sample meets or exceeds the control criteria 
requirements, the value is reported as "-4". 
B. When the sample has minor exceedences of control criteria 

but is generally usable for most assessments and 
reporting purposes, the value is reported as "-5" , For 
samples coded "-5" it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted before 
using the data. 

C. When Qk samples have major exceedences of control criteria 
requirements and the data are not usable for most 
assessments and reporting purposes, the value is 
reported as "-6". 

D. Nhen the sample has minor exceedences of control crlteria 
and is unlikely to affect assessments, the value is 
reported as -3. 

'SEDIMENT PARTICULATE SIZE ANALYSES DATA. Field 148, with a field 
name of "FINES", represents the sediment' particulate size ("grain 
size") analyses data for each station. The grain size results 
are reported as percent fines. 
148. FINES. Sediment grain size (percent fines) for each 
station. Numeric field, width 5 and 2 decimal places. 
A. When the value is missing or not analyzed, the value is 

reported as "-9.0" = not analyzed. 
B. When the value is less than the detection limit of the 

analytical t-est, the value is reported as "-8.0" = not 
detected. 

149. FINEBATCH. The batch nurnber.that. the sample was analyzed 
in,. numeric field character width 4. 

150. FINEDATAQC. Data qualifier codes are notations used by 
data reviewers to briefly describe, or qualify data and 
the systems producing data, numeric character width 3. 
Data qualifier codes are as follows: 

A. When the sample meets or exceeds the control crit.eria 
requirements, the value is reported as' "-4". 
B. . When the sample has minor exceedences of control criteria 

but is generally usable for most assessments arid 
reporting purposes, the value is reported as " - 5 " .  For 
samples coded " - 5 "  it is recommended that if 
assessments are made that are especially sensitive or 
crit.ica1, QA evaluations should be consulted before 
using the dat-a . 

C: When. QA samples have major exceedences ~f control crit.erj.6 
requirements and the data are not usable for most 



assessments and reporting purposes, the value is 
reported as " - 6 " .  

D. When the sample has minor exceedences of control criteria 
and is unlikely to affect assessments, the value is 
reported as -3. 

SEDIMENT TOTAL ORGANIC CARBON (TOC) ANALYSES DATA. Field 151 
presents the levels of total organic carbon detected in the 
sediment samples at each station. All TOC results are reported 
as percent of dry weight. 

151. TOC. Total Organic Carbon (TOC) levels (percent of dry 
weight) in sediment, for each station. Numerlc field, 
width 6 and 2 decimal places. 

A. When the value is mlssing or not analyzed, the value 1s 
reported as "-9.0" = not analyzed. 

B. When the value is less than the detection llmit of the 
analytical test, the value is reported as "-8.0" = nct 
detected. 

152. TOCBATCH. The batch number that the sample was analyzed 
in, numeric field character width 4. 

153. TOCDATAQC. Data qualifier codes are notations used by 
data reviewers to brlefly describe, or quallfy data and 
the systems producing data, numeric character wldth 3. 
Data qualifier codes are as follows: 

A. When the sample meets or exceeds the control crlteria 
requirements, the value is reported as "-4". 
B. When the sample has minor exceedences of control crlterla 

but is generally usable for most assessments and 
reporting purposes, the value is reported as "-5" . For 
samples coded " -5"  it is recommended that I£ 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted befors 
using the data. 

C. When QA samples have major exceedences of contrcl crl:erl& 
requirements and the data are not usable for most 
assessments and reporting purposes, the value 1s 
reported as "-6". 

D. When the sample has minor exceedences of control crlterla 
and is unlikely to affect assessments, the value 1s 
reported as -3. 

, , 

The TOX31 37.DBF file is the toxicity data file..iohich cont.ains 
the following fields (the:number at the start of each field is 
the field number: 
1. STANUM. This numeric field is 7 characters wide with i 

decimal place and contains the CDFG station numbers 
that. are used statewide. The format is YXXXX.Z where 'i 
is the Regional Water Quality Control Boar&Region 
number and XXXX is the number that corresp~nds to a 



given location or site and Z is the number 'of the 
station within that site. An example is San Pablo 
Bay- Island #l in San Francisco Bay where the S T W  is 
20007.0. The 2 indicates Region 2. The 0007 indicates 
that it is Site 7 and the .O is the replicate (if any) 
at the station within Site 7. 

2. STATION. This character field is 30.characters wide and 
contains the exact name of the station. 

3. ,IDORG. ' This numeric field is. 8 characters wide with 0 
decimal. places and contains the unique i.d. 
organizational number for the sample. For each station 
collected on a unique date, an idorg sample number is 
assigned. This.should be the field that links the 
collection, toxicity, chemical, and other data bases. 

4. DATE. This date field is 8,characters long and is the 
date that each sample was. collected in the field. It is, 
listed as MM/DD/YY. 

5. LEG. This numqric field is 6.characters wide and is the 
leg number of the project in which the sample was 
collected. 

6. LATITUDE. This character field is 12 characters wide and 
contains the latitude of the center of the station 
sampled. The format is a character field as follows: 
XX,YY,ZZ, where XX is in degrees, YY is in minutes, and 
Z Z  is in seconds or hundreds. 

7. . LONGITUDE. This character field,is 14 characters wide and 
contains. the longitude of the center of the station 
sampled. The format is a character field as follows: 
XX,YY,ZZ, where XXX is in degrees, YY is in minutes, 
'and ZZ is in seconds or hundreds. 

8. HUND-SECS. This character field is 1 character rnri..de and 
contains the designation "h" if the latitude and 
longitude are given in degrees, minutes and hundreths 
of a minute. The designation, "s" is given when lat-ituiie 
and longitude are given in degrees, minutes and 
seconds. 

9.' GISLAT. This numeric field is 12 characters wide s j i t h  8 
decimal places and contains the latitude of the station 
sampled in Geographical Information System forrriat. Th;, 
format 1s a numeric field as follows: XX.YYYYYYYY, 
where XX is in degrees and YYYYYYYY is a decimal 
fraction of the.preceding degree. 

10. GISLONG.  his' character field is 14 characters wide wit.h 8 
decimal places and contains the longitude of the 
station sampled. The format is a character field as 
follows: XXXX.YYYYYYYY where XXXX is in degrees and 
YYYYYYYY is a decimal fraction of the preceding degree. 

11. TYPE. This character field is 7 characters wide and 
describes whether the sample was a field sample, replicate,or 
control. 
12. METADATA. This is an index directing the user to ta?:;i.es 

or files of ancillary data pertinent to associated 
test. Character field, width 12. 



AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are 
descriptions of the'field headings for the amphipod (Am~elisca 
adita (AA) toxicity test using homogenized sediment samples; 
presented in fields 13 through 23. 

AA-MN. Station mean percent survival. Numeric field, 
width 6 and 0 decimal places. 
AA-SD. Station standard deviation of percent survival. 
Numeric field, width06 and 0 decimal- places. 
AA-SG. Station statistical significance, representing 
the significance of the statistical test between.the 
home sediment and the sample. A single * represents.. 
significance at the .:05 level, ,and double * * I  represents 
significance at the .'01 level. ',ns = not statistically 
significant. A "-9" :indicates no statistics were run. 
Character field, width 5. . . 

AA-BATCH. The batch number that the sample were run 
in, character width 10. 
AAQC. Data qualifier Codes are notations used.by data 
reviewers to briefly describe, or qualify data and the 
systems producing data, numeric. width 4. Data 
qualifier codes are as follows: 
When the sample meets or exceeds t.he control criteria 
requirements, the value is reported as "-4". 
When the sample has minor exceedences of control 
crit.eria but.is generally usable for most assessments 
and reporting purposes, the value ,is reported as "-5". 
For samples coded " - 5 "  it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted before 
using the data. 
When, the QA sample hais major .exceedences of. control 
crit.eria requirements and the data is not usable for 
most., assessments and :reporting purposes, the,value is 
reported as "-6". I 

P?her. the sample has minor exceedences of control 
criteria and is unlikely t.o affe.ct assessments, t.he 
value is reported as -3. 
AA-OTNH3. Total ammonia concentration (ppm in water) 
in overlying water (water above bedded sediment) for 
each station analyzed using amphipod toxicity tests. 
When the value is missing or not analyzed, the value is 
reported as "-9'.0" = not analyzed. When the value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 7 and 3 decimal places. 
AA-OUNH3. Unionized ammonia concentration (ppn in waLer) 
in overlying water (water above bedded sediment) for 
each station analyzed using amphipod toxicity tests. 
When the value is miss'ing or not analyzed, the value is 
reported as "-9.0" = not analyzed. When t.he value is 
less than the detecti:on limit of t.he analyt.ica1 test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width !7 and 3' decimal places.. , 



20. AA-OH2S. Hydrogen sulfide concentration (ppm In 
water) in overlying water (water above bedded sediment) 
for each station analyzed using amphipod toxicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9.0" = not analyzed. When the 
value is less than the detection limit of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 4 decimal places. 

21. KITNH3. Total ammonia concentration (ppm in water) in 
interstitial water (water within bedded sediment) for 
each station analyzed using amphipod toxicity tests. 
When the value is missing or not analyzed, the value is 
reported as "-9.0" = not analyzed. When the value is 
less than the detection limit of che analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 7 and 3 decimal places. 

22. AA-IUNH3. Unionized ammonia concentratlon (ppm In 
water) interstitial water (water within bedded 
sediment) for each station analyzed using amphipod , 

toxicity tests. When the value is missing or not 
analyzed, the value is reported as "9.0" = not 
analyzed. When the value is less than the detectlon 
limlt of the analytical test, the value is reported as 
"-8.0" = not detected. Numerlc field, width 7 and 3 
decimal places. 

23. AA-IH2S. Hydrogen sulflde concentration (ppm In 
water) in interstitial water (water within bedded 
sediment) for each station analyzed using amphipod 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the value is reported as 
"-8.0' = not detected. Numeric field, width 7 an3 4 
decimal places. 

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are 
descriptions of the field headings for the amphipod (Eohaustoriu~ 
estuarius (EE) toxicity test using homogenized sediment samples; 
presented in fields 24 through 34. 

24. EEMN. Station mean percent survival. Numeric field, 
width 6 and 0 decimal places. 

25. EE-SD. Station standard deviation of percent survival. 
Numeric field, width 6 and 0 decimal places. 

26. EE-SG. Station statistical significance, representing 
the significance of the statistical test between the 
home sediment and the sample. A single * represents 
significance at the .05 level, and double * *  represents 
significance at the .O1 level. ns = not statistically 
significant. A "-9" indicates no statistics were run. 
Character field, width 5 : 

27. EE-BATCH. The batch number that the sample were run 
in, character width 10. 

28. EEQC. Data qualifier codes are notations used hy data 



reviewers to briefly .describe, or qualify data and the 
systems producing data, numeric width 4.' Data 
qualifier codes are as follows:' 
When the sample meets or exceeds the control criteria 
requirements, the va1,ue is reported as " - 4 " .  
When the sample has minor exceedences of control 
criteria but is generally usable for most assessments 
and reporting purposes, the value is reported as " - 5 " .  
For samples coded "-5" it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should.be consulted before 
using the data. 
When the QA sample has major exceedences of control criteria 
requirements and the data is not usable for most 
assessments and reporting purposes, the value is 
reported as "-6". 
When the sample has minor exceedences of control 
criteria and is unlikely to affect assessments, the 
value is reported as -3. 
EE-OTNH3. Total ammonia concentration (ppm in water) 
in overlying water (water above bedded sediment) for 
each station analyzed using amphipod toxicity tests. 
When the value is missing or not analyzed, the value is 
reported as "-9.0" = not analyzed. When the value is 
less than the detection limit of the analytical test, 
the value is reported as. "-8.0" = not detected., 
Numeric field, width 7 and 3 decimal places. 
EE-OUNH3. Unionized ammonia concentration (ppm in water) 
in overlying water (water above bedded sediment) for 
each station analyzed using amphipod. toxicity tests. 
When' the value is missing or not analyzed, the value is 
reported as "-9.0" ='.not analyzed. When the'value is . 

less than the detection limit of the analytical'test, 
the,value is reported as "-8.0" = not detected. . 
Numeric field, width '7 and 3 decimal places . ' 
EE-OH2S. Hydrogen sulfide concentration (ppm, in 
water) in overlying water (water above bedded sediment) 
for each station analyzed using amphipod tox'icity 
tests. When the va'lue is missing or not a'nalyzed, the 
value is reported as "-9.'0" = not analyzed. When the 
value is less than the detection limit of the 
analytical test,; the value is reported as "-8.0" = not 
det.ected. Numeric field, widt.h 7 and 4 decimal places. 
EE-ITNH~. Total ammonia concentration (ppm in water) in 
interstitial water (water within bedded sediment) for 
each station analyzed using amphip'od toxicity tests. , . 

When the value is missing or not analyzed, t.he value is 
reported as "-9.0" = not analyzed. When the, value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0" = not det.ected. 
Numeric field, width 7 and 3 decimal places. 
EE-IUNH3. Unionized ammonia concent.ration (ppm in 
water) int-erstitial water (water within bedded 
sed.iment) for each stat-ion analyzed using amphi~od 



toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 3 
decimal places. 
EE-IH2S. Hydrogen sulfide concentration (ppm in 
water) in interstitial water (water within bedded 
sediment) for each station analyzed using amphipod 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 4 
decimal places. 

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are 
descriptions of the field heading's for the amphipod (Eohaustorius 
estuarius (EEP) toxicity test using sediment pore (interstitial) 
water samples; presented in fields 35 through 42. 

EEP-MN. 'Station mean percent survival. Numeric field, 
width 6 and 0 decimal places. 
EEP-SD. Station standard deviation of percent survival. 
Numeric field, width 6 and 0 decimal places. 
EEP-SG. Station statistical significance, 
representing the significance of the.statistica1 t-est 
between the home sediment and the sample. A single * 
.represents significance at the .05 level, and double * "  
represents significance at the .O1 level. ns = not 
statistically significant. A "-9" indicates that 
statistics were not run. Character,field, width 5. 
EEP-BATCH. The batch number t.hat the sample were run 
in, character.width 10. 
EEPQC. Data qualifier codes are notations used by 
data reviewers to briefly describe, or qualify dat.a an3 
the systems producingdata, numeric character widt.h 4. 
Data qualifier codes are as follows: 
When the sample meets or exceeds the control criteria 
requirements, the value is reported as "-4". 
When the sample has minor exceedences of control 
crit'eria but is,generally usable for most assessments 
and reporting purposes, the value is reported as " - 5 " .  
For samples coded "-5" it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted before 
using the data. 
When the QA sample has major exceedences of control criteria 
requirements and the data is not usable for most 
assessments and reporting purposes, the value is 
reported as "-6". 
Nhen the sample has minor.exceedences of c0nt.r-01 criteria 
and is unlikely to affect. assessments, the value is 
reported as -3. 



40. EEP-ITNH3. Total ammonia concentration (ppm in water) 11-1 
interstitial water (water within bedded sediment) for 
each statlon analyzed using amphipod toxicity tests. 
When the value is missing or not analyzed, the value is 
reported as "-9.0" = not analyzed; When the value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 7 and 3 decimal places, 

41. EEP-IUNH3. Unionized ammonia concentration (ppm in 
water) interstitial water (water within bedded 
sediment) for each station analyzed using amphipod 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "9.0" = not 
analyzed. When the vdlue is less than the detectlon 
limit 'of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, wldth 7 and 3 
decimal places. 

42. EEP-IH2S. Hydrogen sulfide concentration (ppm in 
water) in interstitial water (water within bedded 
sediment) for each station analyzed using amphipod 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detectlon 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 4 
declmal places. 

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are 
descriptions of the field headings for the amphipod (Eohaust.orius 
estuarius (EEI) toxicity test using intact sediment core samples; 
presented in fields 43 through 53.. 

43. EEI-MN. Station mean percent survival. Numeric field, 
width 6 and 0, decimal, places. 

44. EEI-SD. Stat ion standard deviation oi percent. sur!-ival. 
Numeric field, width ,6 and 0 decimal places. 

45. EEI-SG. Station statistical significance, 
representing the significance of t.he statistical tesc. 
between the home sediment and the sample. ,A'single * 
represents significance at the .05 level, and double * *  
represents significance at the .O1 level. ns = not 
statistically signifkant. A " - 9 "  indicates 'that no 
statistics were' run. Character field, width 5. 

46. EEI-BATCH. The bat:ch number that the samples.were run 
in, character width 10,. 

47. EEIQC. Data qualifier codes are notations used by 
data reviewers to briefly describe, or qualify data and 
the systems producing data, numeric width 4. Data 
qualifier codes are as follows: 

A. Khen the sample meets, or exceeds the control,crit.eris 
requirements, the value is report.ed as "-4" . , 

B. Khen the sample has minor exceedences of control 
criteria but is generally usable for most asseszments 
and reporting purposes, the value is reported as "-5". 



For samples coded "-5" it is.recommended .that if 
assessments are made that are especially sensitive or. 
critical., the QA evaluations should be consulted before 
using the data. 
When the QA sample has major exceedences of control criteria 
requirements and the data is not usable for most 
assessments and reporting purposes, the value is 
reported as "-6" 
When the sample has minor' exceedences of control 
criteria and is unlikely to affect assessments, the 
value is reported as -3. 
EEI-OTNH~. Total ammonia concentration (ppm in water) 
in overlying water (water above'bedded sediment) for 
each station analyzed using amphipod toxicity tests. 
When the value is missing or not analyzed, the value is 
reported,as "-9.0" = not analyzed..When the value is 
less than the detection limit of the analytical test, 
the value is reported as -"-8.0" = not detected. Numeric ., 

field, width 7 and 3 decimal .places. 
EEI-OUNH3. Unionized ammonia concentration (ppm in water) 
in overlying water.(water above bedded sediment) for 
each station analyzed using amphipod toxicity tests.. 
Nhen the value is missing or not analyzed, the value is 
reported as "-9.0" = not analyzed. When the value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 7 and 3 decimal places. 
EEI-OH2S. Hydrogen sulfide concentration (ppm in 
water) in overlying water (water above bedded sediment) 
for each station analyzed using amphipod toxicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9;O" = not analyzed. When the . 
value is less than the detection limit of the 
analytical test, .the value is reported as "-8.0" = not 
detected. Numeric field, width.7 and 4 decimal places. 
EEI-ITNH3; Total ammonia concentration (ppm in water) in 
interstitial water (water within bedded sediment.) for 
each station analyzed using amphipod toxicity tests. 
When the value is missing ,or not analyzed, the value is 
reported as "-9.0" = not analyzed. When the value is 
less than the ,detection limit of the analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 7 and 3 decimal places. 
EEI-IUNH?. Unionized ammonia concentration (ppm in 
water) interstitial water (water within bedded 
sediment.-) for each station analyzed using amphipod 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the value is reported as  
"-8.0" = not detected. Numeric field, width 7 and 3 
decimal places. 
EEI-IH2S. Hydrogen sulfide concentrat-ion (ppm in 
water) in interstitial water (water within bedded 



sediment) for each station analyzed using amphlpod I 

toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 4 
decimal places. 

The following are descriptions of the field headings for the sea 
urchin ( Stronavlocentrotus nurnuratus) development toxicity 
tests (SPPD) using sediment pore (interstitial) water samples; 
presented in fields 54 through 61. Results are given for 
undiluted interstitial water (100% pore water). 

A.: 

B. 

S.PPDlOOJ4N. Stat.ion mean percent normal d'e,velopment 
in 100% pore water. Numeric field, wldth 6 and 0 
decimal places. 
SPPD100-SD. Station standard'deviation of percent 
normal development in 100% pore water. Numeric field, 
width 6 -and 0 decimal places. 
SPPD100-SG. Station statistical significance, 
representing the significance of the statistical test 
between the home. sediment and the sample. A single * 
r,epresents significance at the .05 level, an'd double, * *  
represents significance at the .01 level. ns = not 
statistically significant. A "-9" indicates that no 
statistics were run. Character field, width 5. 
SPPD-BATCH. The batch number .that the samples were 
analyzed in, character width 10. 
SPPDQC. Data qualifier codes are notations used by 
data reviewers to ,briefly describe, or qualify'data.and 
the systems producing data, numeric character width 4. 
Data qualifier codes are as follows: , . 

When the sample meets or exceeds the control criteria 
requirements, t.he value is 'reported as " - 4 "  . : ; j 

When the sample has minor exceedences of control 
criteria but is generally usable for most assessmen'ts 
and reportin'g purposes, the value is reported as " - 5 " .  
For samplescoded "-5" it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted bef0r.e 
using the data., 
When the QA sample has major exceedences of control 
criteria requirements and the data is not usable for 
most assessments andlreporting purposes, the value. is 
reported as " - 6 " .  
When the sample has minor exceedences of control 
criteria and is unlikely to affect assessments, the . 

- .  
value is' reported as - 3 .  
SPPD-ITNH3. Total am~onia concentration (ppm in 
water) in interstitial water (water within bedded 
sediment.) for each station analyzed using urchin 
toxicity t.ests. Khen the value is missing or not. 
analyzed, the value is reported as "-9.0" = not 



analyzed. When the value is less than the detect.iorl 
limit of the analytical test, the value is reported as 
1 1 - 8 . 0 "  = not detected. Numeric field, width 7 and :' 

declmal places. 
6 0 . .  SPPD-IUNH3. unionized ammonia concentration (ppm in 

water) in interstitial water (water within bedded 
: sediment) for each station analyzed using urchin 

toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the va.lue is reported as 
" - 8 . 0 "  = not detected. Numeric field, width 7 and 3 
decimal places. 

61. SPPD-IH2S. Hydrogen sulfide concentration (ppm in 
water) in interstitial water (water within bedded 
sediment) for each station analyzed using urchin 
toxicity tests. When the value is missing or not 

. analyzed, the value is reported as "-9.0" = not 
' analyzed. When the value is less than the detectior. 

limit'of the analytical test, the value is reported as 
" - 8 . G V =  not detected. .Numeric field, width 7 and 4 
decimal places. 

The following are descriptions of the field headings for the 
urchin ~~tronavlocentrotus nur~uratus) development toxicity 
test.s ( S P D I ) ,  using the sediment/water interface exposure to 
intact sediment cores; presented in fields 62 through 72. 

6 2 .  SPCI-MI(. Station mean percent normal development. in 
the sediment/water interface exposure. Numeric fiel.3, 
widt-h 6  and 0 decimal places. 

6 3 .  SPDI-SD. Station standard deviation of percent nor-ma1 
development in the sediment!water interface exposure. 
Numeric field; width 6 and 0 decimal places. 

64. SFGI-SG. Station statistical significance, 
representing the significance of the statistical tesr 
bet.v,:een t.he home sediment and the sample. A single ? 
represents significance at the . 0 5  level, and double - *  
re~xesents significance at t.he .O1 level. ns = not 
statistically significant. A' "-9" indicates that r.,o 
statistics were run. Character field, width 5. 

65. SPDI-BATCH. The batch number that the samples were 
analyzed in, numeric character width 1.0. 

66. SPDIQC. Data qualifier codes are notations used by 
data reviewers to briefly describe, or qualify dat.a d n d  
t.he systems producing data, numeric character width 4. 
Data qualifier codes are as follows: 

A. When the sample meets or exceeds the control crit.eria 
yequirements, the value is reported as " - 4 1 1 .  

B. Whsr! t.he sample has minor exceedences of'control 
criteria but is generally usable for most assessments 
and report-ing purposes, the value is reported as "-r i l  - .  
Fcx sarn~les coded "-5" it is recommended that. if 
asssssments are made that are especially sensiti,,:2 or 

sea 



critical, the QA evaluations should be consult.ed before 
using the data. 

C. When the QA sample hasmajor exceedences of 'control 
' .  criteria requirements and the data is not umsable for'. 
most assessments and reporting purposes, the value is 
reported as "-6". 

D. When the sample has minor exceedences of control 
criteria and is unlikely to affect assessments, the 
value is reported as -3. 

67. SPDI-OTNH3. Total ammonia concentration (ppm in 
water) in overlying water samples (water above bedded 
sediment used for urchin toxicity tests). When the 
value 1s. missing or not analyzed, the value is reported 
as "-9.0" = not analyzed. When the value is 1,ess than 
the detection limit of the analyt-ical test, the value 
is reported as "-8.0" = not detected. Numeric field, 
width 7 and 3 decimal places. 

68. SPDI-GUNH3. , Unionized ammonia concentration (ppm in 
water) in overlying water samples (water above .bedded 
sediment) for each station analyzed using urchin 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test, the valueis reported as 
"-8.0" = not detected. Numeric field, widt.h 7 and 3 
decimal places. 

69. SPDI-GH2S. Hydrogen sulfide concentration (ppm in 
water) in overlying water (water above bedded sediment.) - 
for each station analyzed using urchin toxicity tests. 
When the value is missing or not analyzed, t'he value is 
reported as "-9.0" = not analyzed. When the value is 
'less than the detection limit of the analyti,cal test, . 
.the value is report.ed as "-8.0" = not detected. Numeric 
field, width 7 ,and 4', decimal places,; 

70. SPCI-ITNH~. ' Total ammonia concentration (gpn? in 
water) in intersti.tia1 water samples (water within 
bedded sediment) used for urchin toxicity tests. 'dher~ 
the value is missing or not. analyzed, the value is 
reported as "-9.0" = not analyzed. ?:hen the value is 
less than the detection limit of the ana1yt;cal t.est,. 
the value is reported as "-8.0" = not. detected. 
Numeric.field, width 7 and 3 decimal places. 

71. SPDI-IUNH3. Unionized ammonia concentration ippm in 
water) in interstitial water samples (water within 
bedded sediment) used for urchin toxicity tests. Nhen 
the value is missing'or not analyzed, the value is 
report-ed as "-9.0" = not analyzed. When the value is 
less than the detection limit. of the analyt-ical test, 
the value is reported as "-8.0" = not. det-ectsd. 
Numeric field, width!7 6nd 3 decimal places; 

72. SPDI-IH2S. Hydrogen sulfide concentration (pp~l? in 
water) in interstitial wat.er samples (water wit.hin 
bedded sediment) used for urchin tosiszity tests. When 
the value .is missing, or not analyzed, the value is 



reported as "-9.0" = not analyzed. When the value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0"= not detected. 
Numeric field, width 7 and 4 decimal places. 

The following are descriptions of the field headings for the 
mussel larval !Mvtilus edulis) shell development toxicity tests, 
(MEP) using pore (interstitial) water samples; presented in 
fields' 73 through 80. ' Results are given for undiluted 
interstitial water (100% pore water). 

MEP100-MN. Station mean percent normal development in 
100% pore water. Numeric field, width 6 and 0 decimal 
places. 
MEP100-SD. Station standard deviation of percent 
normal development in 100% pore water. Numeric field, 
width 6 and 0 decimal places. 
MEP100-SG. Station statistical significance, 
representing the significance of .the statistical t.est. 
between the home sediment and Lhe sample. A single * ' 

represents significance at the .05 level, and double * *  
represents' significance at the .O1 level. ns = not 
statistically significant. A "-9" indicates that no. 
statistics were run. Character field, width 5. 
MEPBATCH. The batch number that 'the samples were 
analyzed .in, numeric character width 10. 
MEPQC. Data qualifier .codes are notations used by 
data reviewers to briefly describe, or qualify data and 
the systems producing data, numeric width 4. Data 
qualifier codes are as follows: 
When the sample meets or exceeds the control criteria 
requirements, the:value is reported as "-4" . . 

When the sample has minor..exceedences of control 
criteria but is generally usable for most assessmerlts . . .  
and reporting purposes, 'the va'lue is reported as "-5". 
For samples coded "-5" it is recommended that if 
assessments are made that are 'especially sensitive or 
critical, the Q9. evaluations should be consulted before 
using the data. 
when the 3.4 sample has major exceedences of control 
criteria requirements and the-data is not usable for 
most  assessment,^ and'reporting purposes, the value is 
reported as "-6". 
Xhen the sample has minor exceedences of control 
criteria and is unlikely to affect.assessments,, the 
value is reported as -3. 
MEP-ITNH3. Total ammonia concentration (ppm in water) 
in interstitial water samples (water within bedded 
sediment) used fox mussel toxicity tests. When the 
value is missing or not analyzed, the value is reported 
as "-9.0" = not analyzed. When the value is less than 
the detection limit. of the analyt-ical test., the :;slue 
is reporto,3 as "-8.9" = not detected. Numeric field, 
width 6 and 3 decimal places. 



79. MEP-IUNH3. Unionized ammonia concentrat'ioh (ppm ir 
water) in interstitial water samples (water within 
bedded sediment) used for mussel toxicity tests. ?:hen 
the value is missing or not analyzed, the valus 1s 
reported as "-9.0" = not analyzed. When the value is 
less than the detection limit of the analytical test, 
the value is reported as "-8.0" = not detected. 
Numeric field, width 6 and 3 decimal places. 

80. MEP-IH2S. Hydrogen sulfide concentration (ppm in 
water) in interstitial water samples (water within 
bedded sediment) used for mussel toxicity tests. h'hen 
the value is missing or not analyzed, the value is 
reported as "-9.0" = not analyzed. When the value 1s  
less than the detection limit of the analytical test, 
the value is reported as "-8.0"= not detected. Numeric 
field, width 7 and 4 decimal places. 

The following are descriptions of the field headings for the 
leptostracan '(uebalb puaett.ensis.) (NP) toxicity test using 
homogenized sediment samples; presented in fields 81 through 91. 

81. NP-MN. Station mean survival. Numeric field, wir",th 6 
and 0 decimal places., 

82. NP-SD. Station standard deviation 'of mean survivai. 
~umeric field, width 6 and 0 decimal places. 

83. NP-SG. Station sta4istical significance, representing 
the significance of the statistical rest between the 
home sediment. and the sample. A single * represents 
significance at the .05 level', and double * *  
represents significarice at the .O1 level. ns'= no't 
statistically significant. A "-9" indicates that 113 

. . , 
statistics were run. Character field, width 5. 

. ,  ,r ' L '  "".: ..'84. NP-BATCH. The batch number that the samples were 
. . .. 
:- * *.. , .,,;;y'!q 

::?3 .,?,.. analyzed in, character width 10. . < .? , ,  * .85. NPQC. Data qualifier codes are notations used by ,<:i?.a 
reviewers to briefly describe, or qualify data and t!:;. 
syst.ems producing data, numeric width 4. Data, 
qualifier codes are as follows: 

A. When the sample meets or exceeds the control criteri=t 
requirements, the value is reported as "-4"., 

B. When the sample has minor exceedences of control 
criteria but is,generally usable for most assessrnenc.~ 
and reporting purposes, the value is reported as " -5 ' 1 .  
For samples coded " - 5 "  it is recommended that if 
assessments are made that are especially sensitive cr 
critical, t.he QA evaluations should be consulted hefore 
using the data. 

+ C .  When t.he QA sample has major exceedences of control. 
criteria requirements and the data is not usable ~ G L .  

most assessments and: reporting purp'oses, the value is 
reported as " - 6 " .  

D. When t.he sample has minor exceedences of control 
criteria and is unlikely to affect assessmsrits, tk:c 
value i-s reported as -3. 



. . .  . 
86. NP-OTNH3. Total ammonia concentration.(ppm in water) 

in overlying water (water above bedded sediment) for 
each station analyzed using leptostracan toxicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9.0." = not analyzed. When the 
value is less than the detection limit of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 3 decimal places. 

87. NP-OUNH3. Unionized ammonia.concentration (ppm in 
water) in overlying water. (water above bedded sediment) 
for each station'analyzed using leptostracan toxicity 
-tests. When the value is missing or not analyzed, the 
value is reported as "-9.0" = not analyzed. When the 
value is less than the detection limit of the. 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 3 decimal places. 

88; NP-OH2S. Hydrogen sulfide concentration (ppm in 
water) in overlying water (water above bedded sediment) 
for eac.h station analyzed using leptostracan toxicity 
tests. When the value is:missing or not analyzed, the 
value is reported as "-9.0" =.not. analyzed. When the 
value is less than the detection limit of the , . 

analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 4 decimal places. 

89. NP-ITNH3. Total amrnonia~concentration (ppm in water) 
in interstitial water (water within bedded sediment) 

, for each station analyzed using leptostracan toxicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9.0" = not analyzed. When the 
value is less than the detection limit of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 3 decimal places. 

90. NP-IUNH3. Unionized ammonia concentration (ppm in 
water) in interstitial water (water within bedded 
sediment) for each station analyzed using 1eptost.racan 
toxicity tests. When the value is' missing or not 
analyzed, t.he value is reported as "-9.0." = not 
analyzed. When the value is le'ss than the detecticn . . 

limit of the analytical test, the value is reported as 
"-8.0' = not detected. 'Numeric field, width 7 and 3 
decimal places. 

91. NP-IH2S. Hydrogen sulfide concentration (ppm in 
water) in interstitial water (wat-er within bedded 
sediment) for each station analyzed using leptostracan 
toxicity tests. When the value is missing or not 
analyzed, t.he value is reported as "-9.0" = not 
analyzed. When the value is less,than the detection 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 4 
decimal places. 

POLYCHAETE SiiI?'.'I-?Ai TOXICITY TEST DliT.4. The f 01 lowing are 
descriptions of the field headings for tho polychaete w o r n i  
(1Jeanthes arenaceode~tata) (NASURV)'. survival toxicity test using 



homogenized sediment samples; presented in fie'lds 92 through 94. 

92. NASURV-MN. Station mean percent survival. Numeric 
field, width 6 and 0 decimal places. 

93. NASURV-SD. Station standard deviation of % survival. 
Numeric field, width 6 and 0 decimal places. 

94. NASURV-SG. Station statistical significance, 
representing the significance of the statistical test 
between the home sediment and the sample. A single * 
represents significance at the .05 level, and double * *  
represents significance at the .O1 level. ns = not 
statistically significant. A "-9" indicates that no 
statistics were run. Character field, width 5. 

POLYCHAETE GROWTH TOXICITY TEST DATA. The 'following are 
descriptions'of the field headings for the polychaete worm 
(IJeanthes arenaceodentata 1, (NAWT) weight change, 8t'oxicit.y t'es t 
using homogenized sedimenf samples; presented in .fields, 95 
t.hrough 105. ' 

NAWT-MN. Station mean weight (gm) per worm. Numeric 
field, width 6' and 1 decimal places. 
NAWT-SD. Station standard deviation of mean 'weight 
(gm) per. Numeric fiel,d, width 6 and 1 decinial pl.aces. 
NAWT-SG. Station statistical significance, 
representing the sigriificance of the statis.t,ical test 
between the home sediment and the sample., A single * 
represents significance at the :05 level, and double 
* * .  represents significance at the .O1 level. ' ns = not. 
statistically significant. A "-9" indicates that no 
statistics were run.,Character field, width 5. 
NA-BATCH. The batch number that the samples were 
analyzed in, numeric character width 10. 
NAQC. Data qualifier codes are notations 'used by dst* 
reviewers to briefly describe, or qualify data and t!ie 
systems producing data, numeric character width 4. 
Data qualifier codes,are as follows: 
When the sample meets or exceeds the control criteria 
requirements, the value is reported as "-4". 
when the sample has minor exceedences of control 
criteria but is generally usable for most assessments 
and I-.eporting purposes, the value is reported as " - 5 " .  
For samples coded "-5" it is recommended that if 
assessments are made that are especially sensitive or 
critical, the QA evaluations should be consulted before 
using the data. 
When the QA sample has major exceedences of contra1 
criteria requirements and the data is not usable for 
most assessments and reporting purposes, the value is 
reported as "-6" 
%hen the sample has minor exceedences o f  control 
criteria and is unlikely t.o a£ fect assessments, the 
value is reported as -3. 
NA-OTNH3. Total ammoni3 concentration (ppm 



in water). in overlying water (water above bedded 
sediment) for each station analyzed using polychaete 
toxicity tests. When the value is mising or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the'analytical test, the value is reported as 

. . "-8.0" =,not detected. Numeric field, width 7 and 3 
decimal places. 

101. NA-OUNH3. Unionized ammonia concentration (ppm in 
water) in 'overlying water (water above bedded sediment. ) 
for each st.ation ana.lyzed using polychaete toxicity 
tests. When the value is missing or not analyzed, the 
value is reported, as "-9.0" = not analyzed. When the 
value is less than the detection limit of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 3 decimai places. 

102. NA-OH2S. Hydrogen su'lfide concentration (ppm in 
water) in overlying water (water above bedded sediment) 
for each station analyzed. using polychaete toxicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9.0" = not analyzed. When the 
value is less than the detection limit of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeric field, width 7 and 4 decimal places. 

103. NA-ITNH3. Total ammonia concentration (ppm in water) 
in interstitial water (water within bedded sediment) 
for each station analyzed using polychaete tosicity 
tests. When the value is missing or not analyzed, the 
value is reported as "-9.0" = not analyzed. Khen the 
value is less than the detection limit. of the 
analytical test, the value is reported as "-8.0" = not 
detected. Numeri.~ field, width 7 and 3 decimal' places. 

104. NA-IUNH3. Unionized ammonia concentration (ppm in 
water) in interstitial water (water within bedded 
sediment) for each st.ation analyzed using polychaete 
toxicity tests. When the value is missing or nor 
analyzed, the value is repcrted as "-9.0" = not 
analyzed. When the value is less than the detection 
limit of the analytical test., the value is reported as 
"-8.0" = not detected. Numeric field, width 7 and 3 
decimal places. 

105. NA-IH2S. Hydrpgen sulfide concentration (ppm in 
water) .in interstitial water (water within bedded 
sediment) for each station analyzed using polychaete 
toxicity tests. When the value is missing or not 
analyzed, the value is reported as "-9.0" = not 
analyzed. When the value is less than t.he detect.ion 
limit of the analytical test, the value is reported as 
"-8.0" = not detected. Numeric field, width ? and 4 
decimal places. 
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1.0 Introduction 

1.1 Contract authorization 

This Quality Assurance report accompanies the data for toxicity tests authorized for the San 

Francisco Reference Site Study as part of the Bay Protection Toxicity and CleanuplProgram (BPTCP). The 

samples for this study were collected during three separate sampling periods legs 31. 35, and 37. Toxicity 

testing was conducted at the California Department of Fish and Game's Marine Pollution Studies 

Laboratory (MPSL), located at Granite Canyon, near Monterey, CA. Laboratory personnel and their 

responsibilities are shown in Table 1.  

Toxicity tests for this study were performed between April 1994 and May 1995. Testing on both 

solid phase sediment samples and pore water samples were authorized under BPTCP Contract #FG1405, 

Task order # 2-5. Nine different test protocols (five solid phase tests and four pore water tests) were used 

to test up to 46 samples over the three sampling periods. 

1.2 Completeness 

Toxicity testing was successfully completed on all samples, except for those in three tests that 

failed to meet Quality Control criteria. Test failures affected the following samples for which no data is 

reported: Leg 3 1 Nebalia test ( Idorgs. 12 19, 1222, 1225, 1228, and 123 1); Leg 37 Nebalia test (Idorgs. 

1464 and 1467); and the Leg 35 Mussel test (Idorgs. 1398 - 141 1). This report documents all departures 

from Quality Control criteria established in the toxicity testing portion of the BPTCP Quality Assurance 

Project Plan (QAPP: 1994), itemizes all departures from QAPP criteria, and provides a detailed e\~aluation 

of all potential problenls. Most departures were considered to be of minor concern, and pose no serious 

compromise to data quality and acceptability. For problems of greater concern, details are pro\,ided to 

allow for individual evaluation of the data. E\,aluations for a11 departures from QAPP guidelines are 

discussed i n  detail in Section 3.4. 
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I Table 1. Marine Pollution Studies Laboratory: List of Staff Responsibilities 

Responsibilities 

- Primary responsibility for contract completion 

-Directs laboratory operations 
-Writes contracts 
-Verifies sample lists 
-Coord~nates interaction among labs 
-Manages data flow to central data base 

-Supervises laboratory personnel 
-Oversees analysis and con~pletion of projects 
-Develops and reviews QA Project Plans 
-Reviews project data 
-Reviews QAIQC documentation 
-Generates and/or reviews final reports 

-Supervises laboratory personnel 
-Oversees analysis and completion of projects 
-Develops and reviews QA Project Plans 
-Reviews project data 
-Reviews QAIQC doculnentation 
-Generates and/or reviews final reports 

-Processes invoices and maintains budget records 

-Conducts and supervises data entry 
-Manages laboratory data base 
-Performs statistical analyses 
-Reviews data for QA acceptability 
-Generates data reports 
-Generates QA reports 

-Manages laboratory safety program 
-Conducts toxicity tests 
-Enters test data into data base 
-Cultures test organisms 
-Assists with facility maintenance 

Name 

Ron Tjeerdema 

Max Puckett 

> 

John Hunt 

Brian Anderson 

Marilyn Herman 

Shirley Tudor 

Witold Piekarskl 

Position 

Principal Investigator 
UCSC 

Laboratory Director 
CDFG 

Project Coordinator 
UCSC 

Project Coordinator 
UCSC 

Adrnlnistrat~\e Asststant 
UCSC 

Database lnanager 
UCSC 

Laboratory Safety Officer 
UCSC 
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, . 

Table 1 (cont). 

Responsibilities 

-Maintains QA logs and records 
-Manages sample receipt and storage 
-Schedules laboratory activities 
-Oversees adherence to QA Project Plan 
-Conducts toxicity tests 
-Enters test data into data base 
-Cultures rest organisms 
-Assists with facility maintenance 

-Conducts toxicity tests 
-Enters test data into data base 
-Cultures test organisms 
-Assists with facility maintenance 
-Orders laboratory supplies 
-Supervises transportation of personnel 

-Conducts toxicity tests 
-Enters test data into data base 
-Cultures test organisms 
-Assists with development of new techniques 

-Conducts toxicity tests 
-Enters test data into data base 
-Cultures test organisms 

-Conducts toxicity tests 
-Cultures test organisms 

Name 

Bryn Phillips 

Matt Englunb 

Michelle Hester 

Steve Osborn 

Kelita Smith 

Position 

Laboratory QA Officer 
UCSC 

Laboratory technician 
UCSC 

Laboratory technician 
UCSC 

Laboratory technician 
UCSC 

Laboratory technician 
UCSC 
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" 2.0 Summary of Toxicity Testing Methods 

All toxicity tests were conducted at the California Department of Fish and Game's Marine 

Pollution Studies Laboratory (MPSL) at Granite Canyon, near Monterey, California. Toxicity tests were 

conducted by personnel from the Institute of Marine Sciences, University of California, Santa Cruz 

(Table 1). 

2.1 Sample handling 

Details of sampling methods and locations are given in the main body of the data report. Fresh 

pore water and bedded sediment samples were transported to MPSL in ice chests (4°C) from the sample 

processing laboratory at Moss Landing. Transport time ivas one hour. Chain-of-custody procedures 

(described in the Quality Assurance Project Plan, 1994) were followed for each set of samples. Sarnple 

tracking logs were maintained at MPSL to document sample storage times and conditions, times of 

removal and return to storage, and final disposition. 

All sediment samples were handled according to procedures described i n  ASThl (1992). Bedded 

sediment samples were held at 4°C until the day before,a test, when they were removed from refrigeration 

and loaded into test containers. All testswere initiated \vithin 14 days of sample collection. Water quality 

was measured at the beginning and end of all tests, and before water renewals in the Eohaustot.ius pore 

water test and Nea~tfkes test. At these times pH, temperature, salinity, and dissolved oxygen were measured 

in both over1ying.water and interstitial water from all samples to verify that water quality criteria were 

within the limits defined for the test protocol. Dissolved oxygen concentrations and pH were measured 

using an Orion EA940 expandable ion analyzer: Temperature of each sample was measured with a rnercury 

thermometer. Salinity \vas measured with a refractometer. Totnl ammonia and sulfide concrn~rntions were 

also measured at these times. Ammonia concen~ralions were measured using an ammonium ion specific 

electrode (Orion model 95- 12). Sa~nples for sulfide ~neasurement were preserved \vith zinc acetate and 

stored i n  the dark until time of measurement. Sulfide concentrations were nleasured on a 

spectrophoton~eter using the colorimetric methylene blue  neth hod. Pore water for interstitial measurements 

was extracted by centrifugation. 

Once at MPSL, pore water samples \\,ere held at 4'C until removed for testing. Pore water 

samples with salinities outside the specified range for each' protocol were adjusted to test salinity. 

Salinities were increased by the addition of hypersaline brine (60-80°/oo), drawn from partially frozen 

seawater. Dilution water consisted of Granite Can!*on seawater (32-34%0). Water quality parameters for 

each pore water sample n.ere measured at the beginning and end of each test as described abo\.e. 
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2.2 Ampelkca Test 

The A~npelisca test followed ASTM (1992) procedures for Anrpelisca abdira. All Ampelisca were 

obtained from East Coast Amphipod in Kingston, Rhode Island. Animals were sh'ipped in one gallon 

polyethylene jars containing collection site sediment via overnight courier. Upon arrival at Granite 
. . 

Canyon, the amphipods were acclimated io test salinity and remperature for 48 hours prior to inoculation 
. . 

into the test containers. 

Test containers were one liter glass jars containing 2'cm of sediment and:filled to the 700 ml line 

with 28 %o sen water. Sea water was adjusted to the appropriate salinity using spring water or distilled 

well water. Test sediment and o\gerlying water were allowed to equilibrate for 24 h, then 20 amphipods 

were placed in each beaker along with 28 %o sea water to fill test containers to the one-liter line. Test 

chambers \\ere gently aerated and continuously illuminated. 

Five replicates of each sample were tested for 10 days. In addition, a negative sediment control 

consisting of 5 replicates of amphipod collection site sediment was included with each set of sanlples 

tested. Amphipod emergence and visible survi\lal was recorded daily. After 10 days, samples \\?ere sieved 

through a 0.405 mm Nitex screen to recover test animals, and the number of survivors was recorded for 

each replicate. I 

Positive control reference tests were conducted concurrently with each sediment test using 

cadmium chloride as a reference toxicant. In these tests, amphipod mortality wasrecorded in three 
I I 

replicates of four cadmium concentrations after a 96 h water-o"ly exposure. A dilution .water control 

consisting of one micron-filtered Granite Canyon sea water was included in each test. 

2.3 Eoltaustorius Tests. 

The Eoi~alrstoriris tests follo\sled ASTh.1 (1992) procedures for Eohnlrstori~rs est~roritrs. All 

Eohaustorirrs \\?ere obtained from Northwestern Aquatic Sciences in Yaquina Bay, Oregon. Animals were 

separated i n t o  groups of approximately 1'00 and placed in polyethylene boxes con~aininp Yaquina Bay 

collection site sediment, then shipped on ice via overnight courier. Upon arrival at Granite Canyon, the 

alnph'ipods \yere slo\vly acclimated 2 %o per day to 28 %o ( T =  15°C). Once acclimated, tile animals were 

held for an additional 48 11 prio; to inoculation into the test containers. 

Solid-pllnsc testi 

Two solid phase tests \yere conducted using Eohaustorius amphipods, one with homogenized . 

sediment samples, and the other \\.it11 intact field-collected sediment cores. 

For the homogenized sediment test, test containers were one liter glass jars containing 2 cm of 

sediment and filled to the 700 ml line witll 28%0 sea water. Sea water was adjusted to the appropriate 

salinity using spring \\Inter or distilled \\tell \\later. Test sediment and overlying water were allowed to 
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equilibrate for 24 h, thkn 20 amphipods were placed in each beaker along with. 28%0 sea \i8ater to fill test 

containers-to the one-liter line. Test chambers were gently aerated and continuously illuminated. 

Five replicates of each sample were tested for I0 days. In addition, a negative sediment control 

consisting of 5 replicates of Yaquina Bay home sediment was included with each set of samples tested. 

Amphipod emergence was recorded daily. After 10 days, samples were sieved through a 0.5 mm Nitex 

screen to recover the test animals, and the number of survivors was recorded, for each replicate. 

For the intact sediment test containers consisted of cores collected from grab samples by inserting . 

a 7.5 cm diameter polycarbonate core tube to a depth of 10 cm. Core tubes were capped on both ends and 

transported to MPSL in coolers at 4'C. One day before test initiation; the space overlying the sediment 

was filled with 28%0 water. Test sediment and oyerlying water were allowed to equilibrate for 24 h, then 

20 amphipods were placed in  each core tube. The test procedure continued as described above. 

Pore water test 

Eohaustorius amphipods were also used in a 10-d,ay pore water test. Five amphipods were placed 

in each of 5 replicates consisting of 250 ml glass crystallizing dishes containing 50 ml pore water. Fifty 

percent of the pore water was renewed every 96 hours. Survival was recorded at renewals and at the end of 

10 days. Test containers were held in darkness and were not aerated. 

Positive control reference tests were conducted concurrently with each test using cadmium 

chloride as a reference toxicant. In these tests nmphipod mortality was recorded in three replicates of four 

cadmium concentrations after a 96 h water-only exposure. A dilution water control consisting of one 

micron-filtered Granite Canyon sea water was included i n  each test. 

2.4 Nea~ztltes Tests 

The hJea~~tkes  test followed procedures described in Puget Sound Protocols (1997). Enlergent 

juvenile iV'cn11t11es aretiaceodet~tata (2-3 week-old) were obtained from Dr. Don Reish of California State 

Uni\,ersity at Long Beach, California. Worms were shipped i n  seawater in plastic bags at ambient 

temperature \-ia overnight courier. Upon arrival at hIPSL, tt'ornls were allo\ved to acclimate gradually to 

28 %o with 5 2 O/oo daily incremental salinity adjustments at a temperature of 20°C. Once acclimated, the 

\\!orms were maintained at least 48 11, and no longer than 10 days, before the start of a test. 

Test containers consisted of one liter glass beakers, each containing 2 cm of sediment and filled 

to the 700 ml line with 28%0 sea water. Sea water \vas adjusted to the appropriate salinity using spring 

water or distilled well water. After test sediment and overlying water were allowed to equilibrate for 24 h, 

five \\!ere placed i n  each of fiVe replicate beakers, and 28%0 sea water \\!as added U F  to the one- 

liter line. A negative sediment control consisting of five replicates of Yaquina Bay sediment was included 

\vith each set of samples tested. Test charllbers were aerated and illuminated continuously during the 20- 

day test period. Worms were fed TetrahlIinO every 7, days, and overlying water was renewed every 3 days. 
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After 20 days, samples were sieved through a 0.5 mm Nitex screen, and the number of surviving 

worms recorded. Surviving worms from each replicate were wrapped in a piece of pre-weighed alhminun~ 

foil, and placed in a drying oven until reaching a constant weight. Each foil packet was'then weighed to the 

nearest 0. lmg. Worm survival and mean weighdworm for each replicatejwas calculated as follows: 

Percent worm survival = Number of surviving worms x 100 

Mean weighdworm = Total weight - foil weight x 100 

I # surviving worms 

Positive control reference tests were conducted concurrently with each sediment test using 

cadmium chloride as a refirence toxicant.: In these tests, worm mortality was recorded i n  thiee replicates 

of four cadniium cdncentritions after o 96 h water-only exposure. A dilution water control consisting of 

one micron-filtered Granite Canyon sea water was included in each test. 

2.5 Nebalia Tests 

Tests using hrebnlia prigetre~lsis followed ASTM (1992) procedures for amphipods. Test 

organisms were collected from Elkhorn Slough near Moss Landing, California. Animals were held at 

ambient water telnperaturk and salinity in !20-gallon aquarium filled to several cm with Moss Landing 

beach sand.until the day of the test. Sediment sample preparation and test protocol was identical to that 

described for Antpelisca. The home sediment control consisted of Moss Landing beach sand. positive 

control reference tests \\ere conducted concurrently \\pith each sediment test using cadrniuni chloride as a 

reference toxicant. In these tests, A1ebnlia mortality was recorded in three replicates of four cadmiurn 

concentrations after a 96 I1 \\later-only exposure. A dilution water control consisting of one micron-filtered 

Granite Canyon sea ivater \\,as included i n  each test. 

2.6 Rlussel Larval Developnient Tests 

The bay mussel (1lf~3rilus edulis) larval development test was conducted on all pore water samples. 

Details of the test protocol are given in ASTM (1992). A brief description of the method follo\vs. 

Mussels were shipped via overnight courier and held at MPSL at ambient temperature ( 1  1-13 "C) 
I 

and salinity (32-34%0) until testing. On the day of a test, adult mussels were transferred to 25 "C water to 

induce spawning through heat stress. Sperm and eggs were mixed in 28%0 water to give a final sperm-to- 

. egg ratio of 15 to 1. After approximately 20 minutes, fertilized eggs \\,ere rinsed on a 25 pm screen to 
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remove excess sperm. Embryos were distributed to the test containers after approxinlately 90% of the 

embryos exhibited first cell cleavage (approximately 1 hour). 

Test containers were polyethylene-capped, sea water-leached, 20 ml glass scintillation vials 

containing 10 rnls of test solution. Each test container was inoculated with approximately 250 embryos 

(2511~11). Porewater samples were tested at 28 .t 2 %o. Low salinity samples were adjusted to 28%0 using 

frozen seawater brine. Controls consisted of one micron-filtered Granite Canyon sea water adjusted to 

28%0, and a separate brine control consisting of sea water brine adjusted to 28%0 with distilled water. A 

positive control reference test was conducted concurrently with each test using a dilution series of 

cadmium chloride as a reference toxicant. 

After a 48 hour exposure period, larvae were fixed in 5% buffered formalin. All larvae in each 

container were examined under an inverted light microscope at lOOx to determine the proportion of 

normally developed larvae as described in ASTM (1992). The percentage normally de\'eloped larvae was 

calculated as: 

Observed number of live normal larvae x 100 

Mean number of live embryos inoculated at start of test 

2.7 Sea Urchin Larval Development Tests 

The purple sea urchin (Strorigyloce~~trotus purpurarirs) larval development test \vas conducted on 

all porewater samples. Details of the test protocol are given in Dinnel (1992). A brief description of the 

method follows. 

Sea urchins were collected from the Monterey County coast near Granite Canyon and held at 

MPSL at ambient seawater temperature and salinity un t i l  testing. Adult sea urchins \\!ere held i n  conlplete 

darkness to preserve gonadal condition. On the day of a test, urchins were induced to spa\vn in air by 

injection with 0.5 ml of 0.5M KCI. Eggs and sperrn collected fro111 the urchins were mixed i n  senwater at a 

500 to 1 sperm to egg ratio, and embryos \\)ere distributed to the test containers \vitllin one hour of 

fertilization. Test containers \\)ere polyethylene-capped, seawater-leached, 20 ml glass scintillation vials 

containing 5 ~ n l s  of porewater. .Each test container was inoculated with approximately 150 embryos 

(30lmI). Laboratory controls \\,ere included with each set of samples' tested. Controls included a dilution 

control consisting of MPSL seau-ater and a brine control with all sanlples that required brine adjustment. 

Tests were conducted at ambient seawater salinity ~t: 2%0. A positive control reference test was conducted 

concurrently with each porewater test using a dilution series of copper chloride as a reference toxicant. 

After an exposure period of 72 hours, larvae \\.ere fixed i n  570 buffered forrnalin. Approximately 

one hundred larvae in each container were examined under an inverted light microscope at 100x to 
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determine the proportion of normally developed larvae as described by Dinnel(1992). 

Percent normal development was calculated as: 

Number of normally developed larvae x 100 

Total number of larvae counted 

The sea urchin larval development test was also conducted at the sediment- water interface of 

intact sediment core samples . Test containers consisted of a 37 pm screen tube placed within Icm of the 

surface of an intact sediment core. Seawater at ambient salinity was poured into the,screen tube at the 

surface of each core and allowed to equilibrate for 24 hours before the start of a test. Sea urchin embryos 

were prepared as described above and'approximately 250 embryos were introduced into each screen tube. 

Laboratory controls consisted of Yaquina Bay amphipod home sediment from Northwestern Aquatic 

Sciences. After an exposure period of 72 hours, screen tubes were removed from the sediment cores and 

flushed with seawater. Larvae were rinsed into 20 ml scintillation vials and fixed in 5% buffered formalln. 

One hundred larvae in each container were examined under an inverted light microscope at lOOx to 

determine the proportion of normally developed larvae as described by Dinnel (1992). Percent normal 

development was calculated as: 

Number of normally developed larvae x 100 

Total number of larvae 

3.0 Quality Assurance and Evaluatioil 

This section assesses adherence to Q N Q C  guidelines established for the toxicity tests used In the 

BPTCP project, and summarlzed I n  the BPTCP Quallty Assurance Project Plan (QAPP; 1993). Sectlon 3.1 

lists the test acceptability criteria from published protocols for all tests. Section 3.2 shows a Quality 

Assurance checklist that notes compliance for all tests with each of these criteria. Each Leg number i n  

Table 2 corresponds to a single test. Criteria that have been met are noted with a "J" in the checklist, and 

departures from the crlteria are noted with a number instead of a "J". Section 3.3 gives a description of 

QC departure by sa~nple , and assigns an evaluation code for each category of QC problem. Section 3.4 

evaluates each QC problem indi\lidually, and assesses overall data acceptability. ; 
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3.1 Test Acceptability Criteria 

This section lists QAIQC test acceptability criteria for each toxicity test performed on samples 

collected for the San Francisco Reference Site Study. Quality control criteria are taken from published 

protocols with modifications outlined in the BPTCP Quality Assurance Project Plan (1993). 

Amphipod sediment test using A~rlpelisca (Protocol: ASTM, 1992) 

Ref # Quality control criterion 
- 

1 The mean control sur\'ival should be at 2 90%. 

2 Survival i n  each control replicate should be 2 80%. 

3 .  Home sediment sample should be included in each test. 

4 A reference toxicant test must be run concurrently with each test. 

5 Sediment can be held no longer than 14 days bet\\leen the time of collection and test start date. 

6 Amphipods can be held in the lab no longer than 14 days between time of collection and test start 
date. 

7 Amphipods must be acclimated to test conditions for at least 48 hours before start of test. 

8 . Dissol\'ed oxygen le\'els in each sample should range between 5.09 and 8.49 mg/L (6-100% 
saturation at 15°C). 

9 Salinity of each sample should be 28&3 %o during the test. 

10 Temperature of each sample should be 1522°C during the test. 

I I Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

12 pH precision and accuracy must be less than or equal to 10%. 

13 Salinity precision and accuracy must be less than or equal to 10%. 

I ?  Ammonia precision and accuracy must be less than or equal to 30%. 

15 Sulfide precision and accuracy must be less than or equal to 30%. 



Marine Pollution Studies Laboratory BPTCP Toxicity Testing group QA Report 

Amphipod sediment test using Eohaustorius (Protocol: ASTM, 1992) . 

Ref # Quality control criterion 

. 
16 The mean control survival should be 2 90%. 

. 17 Survival in each control replicate should be 2 80%.' 

18 Home sediment sample should be included in each test. 

19 A reference toxicant test must be run concurrently with each test. 
I 

20 Sediment can be held no Iongermthan 14 days between the time of collection and test start date. 

21 Amphipods can be held in the lab no longer than 14 days between tlme of collection and test start 
date. 

22 Amphipods must be acclimated to test conditions for at least 48 hours before start of test. 

23 - Dissolved oxygen levels in each sample should range between 5.09 and 8.49 m g L  (60-100% 
saturation at 15OC). 

24 Salinity of each sample should be 28*3 %o during the test. 

25 Temperature of each sample should be 15*2OC during the test. 

26 Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

27 pH precision and accuracy must be less than or equal to 10%. 

28 Salinity precision and accuracy must be less than or equal to 10%. 

29 Ammonia precision and accuracy must be less than or equal to 30%. 

30 Sulfide pl.ecision and accuracy must be less than or equal to 3070. 
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Arnphipod porewater test using Eohaustorius 

Ref # Quality control criterion 

3 1 Amphipods can be held in the lab no longer than 14 days between time of collection and test start 
date. 

32 . Amphipods must be acclimated to test conditions for at least 48 hours before start of test. 

Dissolved oxygen levels in each sample should range between 5.09 and 8.49 mgL (60-1 00% 
saturation at 15°C). 

Salinity of each sample should be 2823 %o during the test. 

Temperature of each sample should be 15k2"C during the test. 
. . 

Dissol\led oxygen precision and accuracy must be less than or equal to 10%. 

pH precision and accuracy must be less than or equal to 10%. 

Salinity precision and accuracy must be less than or equal to 10%. 

Ammonia precision and accuracy must be less than or equal to 30%. 

Sulfide precision and accuracy must be less than or equal to 308 .  



Marine ~ol lu t ion Studies Laboratory BPTCP Toxicity Testing group QA Report 

. . 
Amphipod intact sediment core test using Eolraustorius (Protocol: ASTM, 1992) 

Ref # Quality control criterion 

4 1 The mean control survival should be 2 90%. 

42 Survival in each control replicate should be 2 80%. 

43 Home sediment sample should be included in each test. 

44 A reference toxicant test must be run concurrently with each test. 

45 Sediment can be held no longer than 14 days between the time of collection and test start date. 

46 Amphipods can be held in the lab no longer than 14 days between time of collection and iest start 
date. 

47 Amphipods must be acclimated to test conditions for at least 48 hours before start of test. 

48 Dissolved oxygen levels in each.salnple'should range between 5.09 and 8.49 mg/L (60-100% 
saturation at.15"). 

49 Salinity of each sample should be 28+3 %o during the test. 

50 Temperature of each sample should be 1522'C during the test. 

5 1 Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

5 2  pH precision and accuracy must be less than or equal to 10%. 

53 Salinity precision and accuracy must be less than or equal to,IO% 

53 Ammonia precision and accuracy must be less than or equal to 30%. 

55 Sulfide precision and accuracy must be less than or equal to 3 0 9 .  

I 
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Mussel porewater test using Mjtilus (Protocol: ASTM, 1992),, 

. . 

Ref # Quality control criterion 

56  70% of the embryos inoculated into control test containers must develop normally. 

57 Reference toxicant test control must be greater than or equal to 70% normal. 

58 Brine control must be greater than or equal to 70% normal. 

59 A reference toxicant test niust be run concurrently with each test. 

60  All test organisms must.be obtained from the same location. 

61 . Test must be inoculated \vith embryos within four hours of fertilization. 

62 Dissolved oxygen must be measured at the start and end of the test. 

63  -Dissolved oxygen levels in each sample shouldrange between 5.09 and 8.49 mg/L (60-100% 
saturation at 15'C). 

64 Salinity of each sample should be 2852 %o during the test. 

65 Temperature of each sample sl~ould be 15-c2"C during the test. 

66 Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

67 pH precision and accuracy must be less than or equal to 10%. 

68 Salinity precision and accuracy must be less than or equal to 10%. 

69 Ammonia precision and accuracy must be less than or equal to 30%. 

70 Sulfide precision and accuracy must be less than or equal to 30%. 
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Ref # Quality control criterion 

7 1 The mean control survival should be z 90%. 

72 Survival in  each control replicate should be 2 80%. 

73 A reference toxicant test must be run concurrently with each test. 

74 Sediment can be held no longerthan 14 days between the time'of collection and test start date; 

75, Worms can be held in the lab nd longer than 14 days between time of collection and test start 
date. 

Worms must be acclimated to test conditions for at least 48 hours before start of test. 

Dissolved oxygen levels in each sample should range between 4.62 and 7.71 mg/L (60-100% 
saturation at 20°C). 

Salinity of each sample should be 28*2 O/oo during the test. 

Temperature of each sample should be 2022" during the test. 

Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

pH precision and accuracy must be less than or equal to 10%. 

Salinity precision and accuracy must be less than or equal to 10%. 

Ammonia precision and accuracy must be less than or equal to 30%. 

84 , Sulfide precision and accuracy must be less than or equal to 30%. 
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Leptostracan sediment test using Nebalia (Protocol: adapted from ASTM (1992), for Amphipods) 

Ref # Quality control criterion 

85 The mean control survival should be z! 90%. 

86 Survival in each control replicate should be r 80%. 

87 Home sediment sample should be included in  each test.' 

88 A reference toxicant test must be run concurrently ,with each test. 

Sediment can be held no longer than 14 days between the time of collection and test start date. 

Leptostracans can be held in  the lab no longer than 14 days between time of collection and test 
start date. 

Leptostracans must be acclimated to test conditions for at least 48 hours before start of test. 

Dissolved oxygen levels i n  each sample should range between 5.09 and 8.49 mg/L (60- 100% 
saturation at 15°C). 

Salinity of each sample should be 2823 %o during the test. 

Temperature of each sample should be 1 5 + 2 " ~  during the test. 

Dissolved oxygen precision and accuracy nlust be less than or equal to 10%. 

pH precision and accuracy must be less than or equal to 10%. 

Salinity precision and accuracy must be less than or equal to 10%. 

Ammonia precision and accuracy must be less than or equal to 308. 

Sulfide precision and accuracy must be less than or equal to 30%: 
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Strongylocentroluspurpuratus pore water test (Protocol: Dinnel, 1992) : 

Ref # ~ u a l i t ~  control criterion 

100 The mean reference control survival should be 2 70%. 

101 The mean brine control survival~should be z 70%. . 

102 ' A reference toxicant test must be run concurrently with each test. 

103 Dissolved oxygen levels in  each'sample should range between 4.91 and 8.19 mg& (60-100% 
saturation at 15°C). 

104 Salinity of each sample should be ambient 2 2 %o during the test. 

105 Temperature of each salnple should be 15+.2"C during the test. 

106 Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

107 pH precision and accuracy must be less than or equal to 10%. 

' 108 Salinity precision and accuracy must be less than or equal to 10%. 

109 Ammonia precision and accuracy must be less than or equal to 30%. 

110 Sulfide precision and accuracy must be less than or equal to 30%. 
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Sediment-water interface test using Strongylocentrotuspurpuratus (Protocol: adapted from Dinnel, 
1992) 

Ref # Quality control criterion 
-- -- 

11 1 The mean reference control survival should be 2 70%. 

112 The mean brine control survival should be 2 70%. 

113 A reference toxicant test must be run concurrently with each test. 

1 14 Dissolved oxygen levels in each sample should range between 4.91 and 8.19 mg/L (60-100% 
saturation at 15OC). 

115 Salinity of each sample should be ambient ? 2 O/oo during the test. 

116 Temperature of each sample should be 15k2"C during the test. 

117 Dissolved oxygen precision and accuracy must be less than or equal to 10%. 

1 18 pH precision and accuracy must be less than or equal to 10%. 

119 Salinity precision and accuracy must be less than or equal to 10%. 

120 ' Ammonia precision and accuracymust be less than or equal to 30%. 

12 1 Sulfide precision and accuracy must be less than or equal to 30%. 
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3.2. summary'of QC test acceptability 

Table 2. Checklist indicating adherence to QC test acceptability criteria outlined in Section 3.1. Each Leg 
corresponds to a single toxicity test. Reference numbers for criteria match with those in Section 3.1. 
"J" indicates adherence to QC criterion. Numbers indicate a departure from the given criterion; each of 

these items is explained in  detail for each sample in Table 3. 

Ampelisca abdita sediment test 

Control mean 2 90% 
All control replicates r 80% 
Reference sediment sample included 
Reference toxicant test run 
s 2 weeks sediment holding period 
s 2 weeks amphipod holding period 
r 48 hr amphipod acclimation period 
5.09s DOs 8.49 mgll 
Salinity 28k3 %o 

Temperature 15+2'C 
DO Precision /Accuracy s 10% 
pH Precision/Accuracy s 10% 
Salinity PrecisionIAccuracys 10% 
Ammonia PrecisionlAccuracy s 30% 
Sulfide Precision/Accuracys 30% 

Eoltaustoritrs sediment test 

Control mean r 90% 
All control replicates r 80% 
Reference sediment sample included 
Reference toxicant test r u n  
s 2 weeks sediment holding period 
s 2 weeks arnphipod holding period 
2 48 h r  amphipod acclimation period 
5.09s DOs 8.49 mgll 
Salinity 28k3 %o , 

Temperature 15k2'C 
DO Precision IAccuracys 10'30 
pH PrecisionlAccuracy s 10% 
,Salinity Precision/Accuracys 10'30 
Ammonia Precision/Accuracys 30% 
Sulfide Precision/Accuracy s 30% 
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Eohaustorius pore\rlater test 

2 48 hr- amphipod acclimation period 
5.09s DOs 8.49 mg/l 
Salinity 2823 %o 
Telnpernture 15-+2"C 
DO Precision /Accuracys 10% 
pH Precision/Accuracys 10% 
Salinity Precision/Accuracys 10% 
Alnlnonia Precision/Accuracys 30% 
Sulfide PrecisiodAccuracys 30% 

Eohaltstorius intact core test 

Control mean 2 90% 
All control replicates 2 80% 
Reference sediment sample included 
Reference toxicant test run 
s 2 weeks sediment holding period 
s 2 weeks amphipod holding period 
2 48 hr amphipod accliniation period 
5.09s DOs 8.49 mg/l 
Salinity 28+3 O/oo 

Temperature I5k2"C 
DO Precision /Accuracy s 10% 
pH Precision/Accuracys 10% 
Salinity PrecisiodAccuracys 10% 
Ammonia Precision/Accuracy~ 30% 
Sulfide Precision/Accuracy 5 30% 

BPTCP ToxEity ~ e s t i n g  group QA Report 
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Mytilus edulis development test 3 1 35 37a 37b 

70% of introducedembryos result in normal 
Reference control normal 2 70% 
Brine control normal 2 70% 
Reference toxicant test run 
All animals obtained from same location 
Test inoculated within 4 hours 
Initial and final DO and pH measured 
5.09 s DO s 8.49 mg/l 
Salinity 2822 %o 

Temperature 1522 "C 
DO Precision /Accuracy s 10% 
pH Precision/Accurcrcy s 1070 
Salinity Precision/Accuracy s 10% 
Ammonia Precision/Accuracy s 30% 
Sulfide Precision/Accuracy s 30% 

Neanthes sediment test 

Home sediment mean z 90% 
Each home sediment replicate 2 80% 
Reference toxicant test run 
s 2 weeks sediment holding period 
s 2 \\leeks Nent~tlres holding period 
r 48 hr hleottthr.r acclimation period 
4.62 s DO r 7.7 1 ~ng/l  
Salinity 2822 O/oo 

Temperature 2022 OC 
DO Precision /Accuracy s 10% 
pH Precision/Accuracy s 10% 
Salinity PrecisionlAccuracy s 10% . 
Arnrnonia ~ rec i s io r~ /~ccuracy  s 30% 
Sulfide Precision/Accuracy s 30% 
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Nebalia pugettensis sediment test 

Control mean 2 90% 
All control replicates ;! 80% 
Reference sediment sample included 
Reference toxicant test run 
s 2 weeks sediment holding period 
s 2 weeks amphipod holding period 
r 48 hr amphipod accliination period 
5.09 s DO s 8.49 mg/l 
Salinity 28*3 %o 
Temperature 15k2"C 
DO Precision /Accuracy s 10% 
pH Precision/Accuracy s 10% 
Salinity Precision/Accuracy s 10% 
Ammonia Precision/Accuracy s 30% 
Sulfide Precision/Accuracy s 30% 

~tron~~locentro tus  pllrpltratus Development test 

Reference control norlnal 2 70% 
Brine control normal 2 70% 

Reference toxicant test run 
4.91 s DO s 8.19 mgll 
Salinity ambient -c 2 %o 

Temperature 1522 'C 
DO Precision /Accuracy s 10% 
pH Precision/Accuracy s 10% 
Salinity Precision/Accuracy s 10% 
Ammonia Precision/Accurncy < 30% 
Sulfide Precision/Accuracy s 30% 

BPTCP Toxicity Testing group QA Report 
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Strongylocentrotus sediment-water interface test 

Reference control normal 2 70% 
Brine control normal 2 70% 
Reference toxicant test run 
4.91 4 DO 4 8.19mgll 
Salinity 3422940 
Temperature 15i2 "C 
DO Precision /Accuracy 4 10% 
pH Precision/Accuracy 4 10% 
Salinity Precision/Accuracy I; 10% 
Ammonia PrecisionfAccuracy s 30% 
Sulfide Precision/Accuracy 4 30% 
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3.3 Departures from Quality Control Criteria 

Table 2. Details of quality control departures by sample number. QC depanures'are listed for each,sample and for 

each test protocol. "Code" denotes test acceptability based on severity of QC departures: -3 indicates minor 

problems that are likely to have little to no impact on data assessment; -5 indicates problems of minor concern that * 

should be evaluated on an individual basis. "Test" codes are as follows: Aa = Anlpelisca abdita; EeH = 

Eohaustorius estuarius test in homogenized sediment; EeP = Eohaustorius pore water test; Me = Mytilus edlilis 

development test; Na = NearltAes arettaceode~ltata ; Np = Nebaiia pugetterrsis; SpD = Strotrg~locentrotus 

yurpurotus development test; SpI = Strorrgylocerrtrotus test at sediment-water interface of intact cores. Units are: 

mg/L for dissolved oxygen (DO); and Oho for salinity measurements. 

Test 

Aa 

Aa 

Aa 

Aa 

A a 

A a 

A a 

A a 

A a 

QC Departures 

Control mean = 85%; amphipod acclimation 

time was 6 hours. 

Control mean = 85%; amphipod acclimation 

time \itas 6 hours. 

Control mean = 85%; amphipod acclimation 

time was 6 hours., 

Control mean = 85%; amphipod acclimation 

time was 6 hours. 

Control mean = 85%; amphipod acclimation 

time \i!as.6 hours. . 

Control mean = 8570; amphipod acclimation 

time was 6 hours. 

Control mean = 85%; amphipod acclimation 

time was 6 hours. 

.Control mean = 85%; arnphipod acclimation 

time was 6 hours. 

Control .mean = 8570; amphipod acclimation 

time was 6 hours. 

Code 

-5 

-5 

-5 

-5 

-5 

-5 

-5 

-5 

-5 

Leg 

3 1 

3 1 

3 1 

3 1 

3 1 

3 1 

, 3 1  

3 1 

3 1 

Station No. 

20005 

20005 

20005 

20006 

20006 

20006 

20007 

20007 

20007 

IDOrg. 

1219 

1220 

122 1 

1222 

1223 

1224 

1225 

1226 

1227 
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20008 

20008 

20008 

20009 

20009 

20009 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

20005 

1228 

1229 

1230 

1231 

1232 

1233 

1398 

1398 

1398 

1398 

1399 

1399 

1399 

1399 

1400 

1300 

1300 

140 1 

1301 

1401 

3 1 

3 1 

3 1 

3 1 

3 1 

3 1 

35 

35 

35 

35 

3 5 

35 

35 

35 

35 

35 

35 

35 

35 

35 

Aa 

Aa 

Aa 

Aa 

An 

Aa 

A a 

Ee H 

Na 

Sp D 

Aa 

Ee H 

Nn 

Sp D 

A3 

Na 

Sp D 

Aa 

Na 

Sp D 

Control mean = 85%; amphipod accl~mat~on 

tlme was 6 hours. 

Control mean = 85%; amphipod accl~mat~on 

tlme was 6 hours. 

Control mean = 85%; amphlpod acclimation 

tlme was 6 hours. 

Control mean = 856,  amph~pod accl~mat~on 

time was 6 hours. 

Control mear. = 85%; amph~pod accl~mat~on 

tlme was 6 hours, DO = 8 5 1 

Control mean = 85%; amphlpod accl~rnat~on 

tlme was 6 hours. 

Control mean = 81%; two control reps had 70% 

and 7 5 6  surv~val. 

F~nal s a l ~ n ~ t y  = 32 

DO precis~on = 11 2% 

In~tial DO = 8 35; f~nal  DO = 8 71 

Control mean = S I%, two control reps had 7070 

and 75% surv~val; inltlal DO = 8 7 1 

F111al salln~ty = 32 

DO precision = I I 2% 

In~ t~n l  DO = 8 7 1 ,  f~nal  DO = 9 03 

Cont~ol mean = 81%. two control reps had 70570 

and 75% sur\.r%al, tnrtlal DO = 8 77 

DO preclslon = 1 1  2% 

I n ~ t ~ a l  DO = 8 6; f~nal DO = 9 6 

Control mean = 8 18, t\vo control reps had 70% 

and 75% surv~val; ~ n ~ t l a l  DO = 8 98 

DO preclsron = 1 1  2% 

I n ~ t ~ a l  DO = 8 62; f~nal DO = 9 18 

-5 

-5 

-5 

-5 

-5 

-5 

-5 

- 3 

- 3 

- 3 

-5 

- 3 

- 3 

- 3 

-5 

-3 

- 3 

-5 

- 3 

- 3 
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- 
20005 

20005 

20005 

20005 

20006 

20006 

20006 

20007 

20007 

20007 

20007 

20007 

20007 

20007 

20007 

20007 

20009 

20009 

1402 

1402 

1402 

1402 

1403 

1403 

1403 

1404 

1404 

1404 

1405 

1405 

1405 

1406 

1406 

1406 

1407 

1407 

Aa 

Ee H 

Na 

Sp D 

Aa 

Na 

Sp D 

Aa 

Na 

Sp D 

A a 

Na 

Sp D 

A a 

Na 

Sp D 

Art 

Ee P 

35 

35 

35 

35 

35 

35 

35 

35 

3 5 

35 

3 5 

35 

35 

3 5 

35 

35 

35 

35 

Control mean = 81%; two control reps had 70% 

and 75% survival; initial DO = 8.55 

Initial DO = 8.56; final salinlty = 32 

DO precision = 1 1.2% 

Initial DO = 8.74; final DO = 8.74 

Control mean = 81%; two control reps had 70% 

and 75% survival. 

DO precision = 11.2% 

Initial DO = 8.52; final DO = 8.58 

Control mean = 81%; two control reps had 70% 

and 75% survival. 

DO precision = 1 1.2% 

Initial DO = 8.32; final DO = 9.02 

Control mean = 8 1 %; two control reps had 70% 

and 75% survival. 

DO precision = 1 1.2% 

Initial DO = 8.38; final DO = 9.41 

Control mean = 81 9'0; t\vo control reps had 70'7 

and 75% survival. 

DO precision = 1 1.2% 

Initial DO = 8.44; final DO = 9.44 

Control mean = 8 1 %; two control reps had 70% 

and 75% survival. 

New renewal salinity = 33 

-5 

- 3 

-3 

-3 

-5 

- 3 

-3 

-5 

- 3 

- 3 

-5 

- 3 

- 3 

-5 

- 3 

- 3 

-5 

- 3 
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20009 

20009 

20009 

20009 

20009 

20009 

20009 

20009 

20009 

20009 

20009 

20010 

200 10 

200 10 

20010 

2001 1 

2001 1 

200 1 1 

2001 1 

20005 

20005 

20005 

20005 

1407 

1407 

1408 

1408 

1408 

1408 

1408 

1409 

1409 

1409 

1409 

1410 

1410 

1410 

1410 

141 1 

141 1 

141 1 

141 1 

146 1 

146 1 

146 1 

1461 

DO precision = 1 1.2% 

Initial DO = 8.52, final DO = 8.55 

Control mean = 81%; t\vo control reps had 70% 

and 75% survival; initial DO = 9.10 

F~nal salinity = 32 

Initial DO = 8.78; new renewal salinity = 34 

DO precision = 1 1  2 9 ;  initial DO = 7.94 

Initial DO = 8.47 

Control mean = 81 %; two control reps had 70% 

and 75% sur\trval; initial DO = 9.28, final DO = 

9.5 1 

Initral DO = 8.61; new renewal salinity = 34 

DO precisron = I I . 29 ;  initla1 DO = 8.43 

Initial DO = 8.76; frnal DO = 8.24 

Control mean = 81%; t\vo control reps had 70% 

and 75% ssur\'rval; inrtral DO = 9.09 

Initial DO = 8.57 

DO preclsron = 11.2%; rnitial DO = 8 32 

In~tral DO = 8.74; final DO = 8.39 

Control mean = 8 1 C/o ,  t\vo control reps had 70% 

and 75% sur\lrval 

Old renewal salrnity = 32 

DO precrsron = 11.2% 

Inrtlal DO = 8.82 

Amphrpod accllmatron < 48 hours 

Ammonia accuracy = 33%; lnrtral DO = 8.56 

New renewal DO = 8.67: old rene\val DO = 8.66 

Control mean = 88% 

35 

35 

35 

35 

3 5 

35 

35 

35 

35 

35 

35 

35 

35 

3 5 

35 

3 5 

35 

3 5 

35 

37a 

37a 

37a 

373 

-3 

- 3 

-5 

-3 

-3 

-3 

- 3 

-5 

- 3 

-3 

- 3 

-5 

- 3 

-3 

-3 

-5 

- 3 

-3 

- 3 

-5 

-3 

-3 

-5 

Na 

Sp D 

Aa 

Ee H 

Ee P 

Na 

Sp D 

An 

Ee P 

Na 

Sp D 

Aa 

Ee P 

Na 

Sp D. 

An 

Ee P 

Na 

Sp D 

Aa 

Ee H 

Ee P 

Na 
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Control mean = 85% .. 

Ammonia precision := 33.6% 
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3.4 Quality Assurance Discussion and Evaluation. 

Evaluation codes listed in Table 2 can be summariied as follows: -4 = sample meets or 
a 

exceeds QC criteria; -3  = sample has minor exceedance of QA criteria and is unlik'ely to affect 
, 

assessments; -5 = sample has minor exceedances, but is generally usable for most assessments 

c and reporting purposes. It is recommended that if assessments are made that are especially 

sensitive or critical, the QA evaluations should be consulted before using the data. 

The most notable concern was the results of the two first Anipelisca tests (sampling legs 

31 and'35) i n  which control survival was below the 90% criterion. Subsequent tests using leg 37 

samples \\,ere successful with control Ineons of 91 and 96%. All tests were conducted in an 

identical manner,,adhering closely to QCprocedures. The only difference between the successful 

tests and those that failed \\!as i n  the amphipod source. For first two tests, A,iipelisca were 
. I 

obtained from San Francisco Bay on the assumption that optinlal.test performance could be 

achieved by using animals native to the region being sampled. In the tufo S U C C ~ S S ~ U I  tests, 

amphipods were obtained from an East Coast supplier. It appears that the East Coast Ari~pelisca 

were more robust. In two Arlipelisca tests the animals arrived.at the laboratory less than 2 days 

before the test, and had a 24-hour acclimation period to test temperature and salinity. While the 

protocol guidelines recolnmend at least a 48-hr period for acclimation, we had more success 

isolating and testing At~ipelisca that had less than a 48 hour period to build tubes before the test. In 
1 , , 

at least one of these tests, control survi\~al was ,908 indicating no adverse effects tlo a short 

acclimation period. 

Other QC problems concerned exceedances of water quality criteria. Dissolved oxygen 

(DO) nieasurelnents were listed if they were outside the range established as the concentration 

equivalent to 60-100Ck saturation at the test temperature. In all cases of departures from the 

criteria. DO measurements exceeded the range. None were below 6 0 8  saturation. \iThile low DO 

concentrations can h a \ t  a significant irnpact on mortality i n  toxicity tests, concentrations slightly 

liigher than 100% saturation aie not considered biologically important to the species I . ,  and life 

stages used in these experi~nents, Consequently, DO concentrations exceeding the: ?i\'en ranges 

are unlikely to have had biological effects on test organisms. 

Departures from the acceptable salinity ranges are generally associated \vith evaporation 

that takes place in sediment tests that are aerated for ten days or more. hlost were associated with 

the salinity measurements at the end of a sediment test or before renewals. The combined cffect 

of aeration of the containers and the cold hir circulation in the test room causes some n'ater 

evaporation during the 10-day test period for amphipods. High salinity samples in the 

Eoliaustor~iris pore\\.ater tests resulted from evaporation of the 50 rnl test volume during the 96- 
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hour periods between renewals. Measurements in most cases were no greater than 2 %O above the 

prescribed range. 

Precision of water quality parameters is derived from repetitive measurements of 

standard solutions at the beginning, middle and end of a series of water quality measurements for 

a given toxicity test. ~ccura'cy measurements are taken from a standard at the middle of the water 

quility series. Several departures from the precision and accuracy criteria occurred, mostly for 

dissolved oxygen. Allowable precision and accuracy is lo%, and the highest exceedances were 

16 % and 18% respectively. One exceedance each of the ammonia precision and accuracy was 

noted at 34% and 33% respectively. The exceedances were small enough to warrant minimal 

concern; 
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